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Compounds of geaend formula (1) are described wherein Y is a halogen atom or a gzo(q> OR^ where R* is an optionally substituted 
alkyl group; X is -0-, -S- or -N(R^, where R^ is a hydrogen atom or an alkyl group; R^ is an optionally substituted alkyl, alkenyl, 
cycloalkyl or cycloalkenyl group; R^ is a hydrogen or halogen atom or an -OR' group, where R' is a hydrogen atom or an opdooally 
substituted alkyl, alkenyl, alkoxyalkyl, or alkanoyl group, or a fonnyl, carboxamido or thiocarboxamido group; R^ and R^, which may be 
the same or different, is each a group -(CH2)DAr, where Ar is a monocyclic or bicyclic aryl group optionally containing one ore more 
heteroatoms selected from oxygen, sulphur or nitrogen atoms and n is zero or an integer 1, 2 or 3; R^ is a hydrogen atom or an optionally 
substituted alkyl group; R^ is a hydrogen atom or an optionally substituted alkyl group; and the salts, solvates, hydrates and N-oxides 
thereof. Compounds according to die invendon are potent, selective and orally active PDE IV inhibitors and are useful in the prophylaxis 
and treatment of asthma and other diseases. 
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1 

TRI-SUBSTITUTED PHENYL DERIVATIVES AS PHOSPHODIESTERASE INHIBITORS 



5 This invention relates to a novel series of tri-substituted phenyl derivatives, 
to processes for their preparation, to pharmaceutical compositions 
containing them, and to their use in medicine. 

Many hormoneis and neurotransmitters modulate tissue function by 
10 elevating intra-cellular levels of adenosine 3', 5'-cyclic monophosphate 
(cAMP). The cellular levels of cAMP are regulated by mechanisms which 
control synthesis and breakdown. The synthesis of cAMP is controlled by 
adenyl cyclase which may be directly activated by agents such as forskolin 
or indirectly activated by the binding of specific agonists to cell surface 
15 receptors which are coupled to adenyl cyclase. The breakdown of cAMP 
is controlled by a family of phosphodiesterase (PDE) isoenzymes, which 
also control the breakdown of guanosine 3\5'-cyclic monophosphate 
(cGMP). To date, seven members of the family have been described 
(PDE NVII) the distribution of which varies from tissue to tissue. This 
20 suggests that specific inhibitors of PDE isoenzymes could achieve 
differential elevation of cAMP in different tissues, [for reviews of PDE 
distribution, structure, function and regulation, see Beavo & Reifsnyder 
(1990) TIPS. 11: 150-155 and Nicholson et a! (1991) TIPS, 12: 19-27]. 

25 There is clear evidence that elevation of cAMP in inflammatory leukocytes 
leads to inhibition of their activation. Furthermore, elevation of cAMP in 
airway smooth muscle has a spasmolytic effect. In these tissues, PDE IV 
plays a major role in the hydrolysis of cAMP. It can be expected, 
therefore, that selective inhibitors of PDE IV would have therapeutic 

30 effects in inflammatory diseases such as asthma, by achieving both anti- 
inflammatory and bronchodilator effects. 

The design of PDE IV inhibitors has met with limited success to date, in 
that many of the potential PDE IV inhibitors which have been synthesised 
35 have lacked potency and/or have been capable of inhibiting more than one 
type of PDE isoenzyme in a non-selective manner. Lack of a selective 
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action has been a particular problem given the widespread role of cAMP in 
vivo and what is needed are potent selective PDE IV inhibitors with an 
inhibitory action against PDE IV and little or no action against other PDE 
isoenzymes. 

5 

We have now found a novel series of tri-substituted phenyl derivatives, 
members of which compared to known structurally similar compounds are 
potent inhibitors of PDE IV at concentrations at which they have little or no 
inhibitory action on other PDE isoenzymes. These compounds inhibit the 

10 human recombinant PDE IV enzyme and also elevate cAMP in isolated 
leukocytes. Certain compounds prevent inflammation in the lungs induced 
by carrageenan, platelet-activating factor (PAF), interleukin-5 (IL-5) or 
antigen challenge. These compounds also suppress the 
hyperresponsiveness of airway smooth muscle seen in inflamed lungs. 

15 Advantageously, compounds according to the invention have good oral 
activity and at orally effective doses exhibit little or none of the side-effects 
associated with known PDE IV inhibitors, such as rolipram. The 
compounds of the invention are therefore of use in medicine, especially in 
the prophylaxis and treatment of asthma. 

20 

Thus according to one aspect of the invention, we provide a compound of 
formula (1) 



R^x 




25 

wherein 

Y is a halogen atom or a group -OR"* where is an optionally substituted 
alkyi group; 

X is -0-, -S- or -N(RQ)-, where R® is a hydrogen atom or an alkyI group; 
30 R^ is an optionally substituted alkyI, alkenyl, cycloalkyi or cycioalkenyl 
group; 
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R3 is a hydrogen or halogen atom or an -OR^ group, where R9 is a 
hydrogen atom or an optionally substituted aikyl. alkenyl, alkoxyalkyl. or 
alkanoyi group, or a formyl, carboxamido or thiocarboxamido group; 
R"^ and R5, which may be the same or different, is each a group 
5 -(CH2)nAr, where Ar is a monocyclic or bicyclic aryl group optionally 
containing one or more heteroatoms selected from oxygen, sulphur or 
nitrogen atoms and n is zero or an integer 1 ,2 or 3; 
R6 is a hydrogen atom or an optionally substituted alkyi group; 
R7 is a hydrogen atom or an optionally substituted alkyI group; and the 
10 salts, solvates, hydrates and N-oxides thereof. 

It will be appreciated that the compounds of formula (1) may have one or 
more chiral centres, depending on the nature of the groups R3. R^, RS, R6 
and R7. Where one or riiore chiral centres is present, enantiomers or 
15 diastereomers may exist, and the invention is to be understood to extend 
to all such enantiomers, diastereomers and mixtures thereof, including 
racemates. 

In the compounds of formula (1), when Y is a halogen atom it may be for 
20 example a fluorine, chlorine, bromine or iodine atom. 

When Y in the compounds of formula (1) is a group -ORi. R1 may be, for 
example, an optionally substituted straight or branched alkyt group, for 
example, an optionally substituted Ci-ealkyI group, such as a methyl, 
25 ethyl, n-propyl or i-propyl group. Optional substitutents which may be 
present on Ri groups include one or more halogen atoms, e.g. fluorine, or 
chlorine atoms. Particular substituted alkyI groups include for example 
-CH2F, -CH2CI, -CHF2, -CHCI2, -CF3 or -CCI3 groups- 

30 AlkyI groups represented by R2. R6 or R7 in the compounds of formula (1) 
include optionally substituted straight or branched Ci-e alkyl groups, e.g. 
C1.3 alkyi groups such as methyl or ethyl groups. Optional substituents on 
these groups include one, two or three substituents selected from halogen 
atoms, e.g. fluorine, chlorine, bromine or iodine atoms, or hydroxy! or 

35 alkoxy e.g. C1-3 alkoxy such as methoxy or ethoxy groups. 
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Alkenyl groups represented by R2 in the compounds of formula (1) include 
optionally substituted straight or branched C2.6alkenyl groups such as 
ethenyl, propen-1-yl and 2-methylpropen-1-yl. Optional substituents 
include those described above in relation to the groups R^. and R^. 

5 

When R2 in the compounds of formula (1) is an optionally substituted 
cycloalkyi or cycloalkenyl group it may be for example a Ca-scycloalkyI 
group such as a cyclobutyl. cyclopentyl or cyclohexyl group or a C3-8 
cycloalkenyl group containing for example one or two double bonds such 

10 as a 2-cyclobuten-1-yl. 2-cyclopenten-1-yl, 3-cyclopenten-1-yl, 2,4- 
cyciopentadien-1-yl, 2-cyclohexen-l-yl, 3-cyclohexen-1-yl. 2,4- 
cyclohexadien-1-yl or 3,5-cyclohexadien-1-yl group, each cycloalkyi or 
cycloalkenyl group being optionally substituted by one, two or three 
substituents selected from halogen atoms, e.g. fluorine, chlorine, bromine 

15 or iodine atoms, straight or branched Ci-ealkyj e.g. Ci-salkyI such as 
methyl or ethyl, hydroxyl or Ci^lkoxy e.g. Ci.3alkoxy such as methoxy or 
ethoxy groups. 

Alky! groups represented by R^ in compounds of formula (1) include 
20 straight or branched C1.6 alkyi groups, e.g. C1.3 alkyi groups such as 
methyl or ethyl groups. 

When the group R^ in compounds of formula (1) is a halogen atom it may 
be for example a fluorine, chlorine, bromine or iodine atorn. 

25 

When the group R3 in compounds of formula (1 ) is an -OR^ group it may 
be for example a hydroxyl group; or a group -OR® where R® is an 
optionally substituted straight or branched Ci-ealkyI group, e.g. a Ci-salkyl 
group such as a methyl or ethyl group, a Ca-ealkenyl group such as an 

30 ethenyl or 2-propen-1-yl group, a Ci-salkoxyCi-salkyl group such as a 
methoxymethyl, ethoxymethyl or ethoxyethyl group, a Ci-ealkanoyl. e.g. 
Ci-salkanoyI such as acetyl group, or a formyl (HC(OH or a carboxamido 
(CONRIIR12 ) or thiocarboxamido (CSNRiiR^2) group, where R^i and 
R'*2 in each instance may be the same or different and is each a 

35 hydrogen atom or an optionally substituted straight or branched Ci-ealkyI, 
e.g. Ci.salkyI group such as a methyl or ethyl group. Optional 
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substituents which may be present on such groups include those 
described above in relation to the aikyi groups R2, R6 and R^. 

In the compounds of formula (1) the groups R"^ and R^ may each 
5 independently be a group -Ar, -CHaAr, -(CH2)2Ar or -(CH2)3Ar. 

Monocyclic or bicyciic aryl groups represented by the group Ar in 
compounds of formula (1) include for example C6-12 optionally substituted 
aryl groups, for example optionally substituted phenyl, 1-or 2-naphthyl, 
1 0 indenyl or isoindenyl groups. 

When the monocyclic or bicyciic aryl group Ar contains one or more 
heteroatoms it may be for example a C1.9 optionally substituted heteroaryl 
group containing for example one, two, three or four heteroatoms selected 
15 from oxygen, sulphur or nitrogen atoms. In general, Ar heteroaryl groups 
may be for example monocyclic or bicyciic heteroaryl groups. Monocyclic 
heteroaryl groups include for example five- or six-membered heteroaryl 
groups containing one, two, three or four heteroatoms selected from 
oxygen, sulphur or nitrogen atoms. 

20 

Examples of heteroaryl groups represented by Ar include pyrrolyl, furyl, 
thienyl, imidazoiyi, N-methylimidazolyl, N-ethylimidazblyl, oxazolyl, 
isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl. 1.2.3-triazolyl, 1 ,2,4-triazolyt, 
1 ,2,3-oxadiazolyl, 1 ,2,4-oxadiazolyl, 1 ,2,5-oxadiazolyl, 1.3,4-oxadlazolyl, 

25 pyridyl, pyrimidinyl, pyridazinyl. pyrazinyl, 1,3,5-triazinyl, 1 ,2,4-triazinyl, 
1,2,3-triazinyl,.benzofuryl, isobenzofuryl, benzothienyl, isobenzothienyl, 
indolyl, isoindolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, 
quinazolinyl. naphthyridinyl, pyndo[3,4-b]pyridyl. pyrido[3,2-b]pyridyl, 
pyrido[4,3-b]pyridyl. quinolinyl, isoquinolinyl, tetrazolyl, 5,6,7, 8-tetra- 

30 hydroquinolinyl and 5,6,7,8-tetrahydroisoquinolinyl. 

The heteroaryl group represented by Ar may be attached to tlie remainder 
of the molecule of formula (1) through any ring carbon or heteroatom as 
appropriate. Thus, for example, when the group Ar is a pyridyl group it 
35 may be a 2-pyridyl, 3-pyridyl or 4-pyridyl group. When it is a thienyl group 
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it may be a 2-thienyl or 3-thlenyl group, and. similarly, when it is a furyl 
group it may be a 2-furyl or 3-furyl group. 

When in compounds of formula (1) the Ar group is a nitrogen-containing 
5 heterocycle it may be possible to form quaternary salts, for example N- 
alkyl quaternary salts and the invention is to be understood to extend to 
such salts. Thus for example when the group Ar is a pyridyl group, 
pyridinium salts may be formed, for example N-alkylpyridinium salts such 
as N-methylpyridinium. 

10 

The aryl or heteroaryi groups represented by Ar in compounds of formula 
(1) may each optionally be substituted by one, two, three or more 
substituents [R^o]. The substituent R^^ may be selected from an atom or 
group R**^ or -Alk'<(R''3)m wherein Ri3 is a halogen atom, or an amino 

15 (-NHa). substituted amino, nitro, cyano, hydroxy! (-OH). substituted 
hydroxyl, cycloalkoxy, formyl [HC(0)-]. carboxyl (-CO2H). esterified 
carboxyl. thiol (-SH). substituted thiol. -C(0)Alki. -SO3H, -SOaAlk^ 
.SO2NH2. -S02NHAIki. -S02N[Alki]2. -CONH2, -CONHAIki. -CON[Alki]2. 
.NHSO2H, -NHS02Alki, -N[S02AIki]2. -NHSO2NH2, -NHS02NHAIkl, 

20 -NHS02N[Alki . -NHC{0)Alk^ , or -NHC{0)OAIki group; Alk^ is a straight 
or branched Ci-ealkylene. C2-6alkenylene, or Ca-ealkynylene chain 
optionally interrupted by one, two, or three -0-, or -S- atoms or -S{0)p-, 
[where p is an integer 1 or 2] or -N(RQ)- groups; and m is zero or an 
integer 1 . 2 or 3. 

25 

When In the group -Alki(R^^)m m Is an integer 1, 2 or 3, it is to be 
understood that the substituent or substituents R'*^ may be present on any 
suitable carbon atom in -Alk^ Where more than one R'*^ substituted is 
present these may be the same or different and may be present on the 
30 same or different carbon atom in Alk''. Clearly, when m is zero and no 
substituent R'*^ is present or when Alk"* forms part of a group such as 
-S02Alki the alkylene, alkenylene or alkyhylene chairi represented by Alk'^ 
becomes an alkyi, alkenyl or alkynyi group. 

35 When R13 is a substituted amino group it may be a group -NH[Alki(Ri3a)m] 
[where Alk"* and m are as defined above and R^^a \q 35 defined above for 
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but is not a substituted amino, a substituted hydroxyl or a substituted 
thiol group] or a group -N[AlkMR^^)m]2 wherein each -Alki(R^^)m group 
is the same or different. 

5 When jg a halogen atom it may be for example a fluorine, chlorine, 
bromine, or iodine atom. 

When R'ls is a cycloaikoxy group it may be for example a Cs-ycycloalkoxy 
group such as a cyciopentyloxy or cyclohexyloxy group. 

10 

When Ri^ is a substituted hydroxyl or substituted thiol group it may be a 
group -OAIkMR^^)m or -SAIki(R^^)m respectively, where Alk"". Ri3a and 
m are as just defined. 

15 Esterified carboxyl groups represented by the group R'^s include groups of 
formula -COaAlk^ wherein Alk2 is a straight or branched, optionally 
substituted Ci-ealkyI group such as a methyl, ethyl, n-propyl, i-propyl, n- 
butyl, i-butyl, s-butyl or t-butyl group; a C6.i2arylCi-8alkyl group such as an 
optionally substituted benzyl, phenylethyl. phenylpropyl, 1 -naphthylmethyl 

20 or 2-naphthylmethyl group; a C6.i2aryl group such as an optionally 
substituted phenyl, 1-naphthyl or 2-naphthyl group; a Ce-iaaryioxyCi-salkyl 
group such as an optionally substituted phenyloxymethyl, phenyloxyethyl, 
1-naphthyloxymethyl, or 2-naphthyloxymethyl group; an optionally 
substituted Ci-ealkanoyloxyCvealkyl group, such as a pivaloyloxymethyl, 

25 propionyloxyethyl or propionyloxypropyl group; or a Ce-iaaroyloxyCi-ealkyI 
group such as an optionally substituted benzoyioxyethyl or 
benzoyloxypropyl group. Optional substituents present on the Alk2 group 
include R^^ substituents described above. 

30 When Alk'^ is present in or as a substituent R'*^ it may be for example a 
methylene, ethylene, n-propylene. i-propylene. n-butylene, i-butylene. s- 
butylene. t-butylene, ethenylene. 2-propenylene. 2-butenylene, 3- 
butenylene, ethynylene, 2-propynylene. 2-butynylene or 3-butynyiene 
chain, optionally interrupred by one, two, or three -O- or -S-, atoms or 

35 -S{0)-. -S(0)2- or .N(R8)- groups. 
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Particularly useful atoms or groups represented by R'*^ include fluorine, 
chlorine, bromine or iodine atoms, or Ci-aaikyI, e.g. methyl or ethyl, C-j- 
ealkylamino, e.g. methylamino or ethylamino, Ci-e hydroxyalkyi, e.g. 
hydroxymethyl or hydroxyethyl, Ci-e^lkylthiol e.g. methylthiol or ethylthiol, 
5 Ci-ealkoxy, e.g. methoxy or ethoxy, Cs-ycycloalkoxy, e.g. cyclo-pentyloxy, 
haloCi-ealkyl, e.g. trifluoromethyK Ci.6alkylamino, e.g. methylamino or 
ethylamino, amino (-NH2), aminoCi-ealkyI, e.g. aminomethyl or aminoethyl, 
Ci.edialkylamino, e.g. dimethylamino or diethyiamino, nitro, cyano, 
hydroxy! (-OH), formyl [HC(0)-], carboxyl (-CO2H). -C02Alk2 [where A!k2 is 

10 as defined above], C1-6 alkanoyi e.g. acetyl, thiol (-SH). thioCi-ealkyI, e.g. 
thiomethyf or thioethyl. sulphonyl (-SO3H), Ci-ealkylsulphonyl, e.g. 
methylsulphonyl, amtnosulphonyl (-SO2NH2), Ci-ealkylaminosulphonyl, 
e.g.^ methylaminpsulphonyl or ethylaminosulphonyl, Ci^dialkylamino- 
sulphonyl, e.g. dimethylaminosulphonyl or diethylaminosulphonyl, 

15 carboxamido (-CONH2), Ci-ealkylaminocarbonyl. e.g. methylamino- 
carbonyl or ethylaminocarbonyl, Ci-edialkylaminocarbonyl, e.g. dimethyl- 
aminocarbonyl or diethyiaminocarbonyl, sulphonylamino (-NHSO2H), 
Ci-eatkylsulphcnylamino, e.g. methylsulphonylamino or ethylsuiphonyl- 
amino, Ci^dialkylsuiphonylamino, e.g. dimethylsulphonylamino or diethyl- 

20 sulphonylamino, aminosulphonylamino (-NHSO2NH2), Ci-ealkylamlno- 
sulphonylamino. e.g. methylaminosulphonylamino or ethylamino- 
sulphonylamino. Ci-edialkylaminosulphonylamino, e.g. dimethylamino- 
sulphonylamino or diethylaminosulphonylamino, Ci-ealkanoylamino, e.g. 
acetylamino, Ci-ealkanoylamino Ci.6alkyl. e.g. acetylaminomethyl or 

25 Ci-ealkoxycarbonylamino, e.g. methoxycarbonylamino, ethoxycarbonyl- 
amino or t-butoxycarbonyiamino groups. 

Where desired, two R^o substituents may be linked together to form a 
cyclic group such as a cyclic ether, e.g. a C2-6alkylenedioxy group such as 
30 ethylenedioxy. 

It will be appreciated that where two or niore R^o substituents are present, 
these need not necessarily be the same atoms and/or groups. The 
substituents may be present at any ring carbon atom away from that 
35 attached to the rest of the molecule of formula (1). Thus, for example, in 
phenyl groups represented by Ar any substituent may be present at the 2-, 
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3-, 4-, 5- or 6- positions relative to the ring carbon atom attached to the 
remainder of the molecule. 

In the compounds of formula (1), when an ester group is present, for 
5 example a group -COaAlk^ this may advantageously be a metabolically 
labile ester. 

The presence of certain substituents in the compounds of formula (1) may 
enable salts of the compounds to be formed. Suitable salts include 
10 pharmaceutically acceptable salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and 
organic bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
15 alkylsulphonates, e.g. methanesulphonates, ethanesulphonates, or 
isethionates, arylsulphonates. e.g. p-toluenesulphonates, besylates or 
napsylates, phosphates, sulphates, hydrogen sulphates, acetates, 
trifluoroacetates, propionates, citrates, maleates, fumarates, malonates. 
succinates, lactates, oxalates, tartrates and benzoates. 
20 ' - 

Salts derived from inorganic or organic bases include alkali metal salts 
such as sodium or potassium salts, alkaline earth metal salts such as 
magnesium or calcium salts, and organic amine salts such as rnorpholine, 
piperidine. dimethylamine or diethylamine salts. 

25 

Particularly useful salts of compounds according to .the invention include 
pharmaceutically acceptable salts, especially acid addition 
pharmaceutically acceptable salts. 

30 In the compounds of formula (1), the group Y is preferably an -OR^ group, 
especially where R1 is an optionally substituted ethyl group or, especially, 
an optionally substituted methyl group. Especially useful substitutents 
which may be present on R"* groups include one, two or three fluorine or , 
chlorine atoms. 

35 

The group X in compounds of formula (1) is preferably -0-. 
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A particularly useful group of compounds of formula (1) has the formula 
(2): 

CH3O ^ \— C(Fe){R*JC(R^(R^)R^ 

(2) 

5 

where R2 is an optionally substituted cycloalkyi group; ,R^, R^, R6 and 
R7 are as defined for formula (1); and the salts, solvates, hydrates and N- 
oxides thereof . 

10 - In the compounds of fomiulae (1) or (2) R2 is preferably an optionally 
substituted methyl or cyclopentyl group. In particular. R2 is a cyclopentyl 
group. 

The group in compounds of formulae (1) or (2) is preferably a hydrogen 
15 atom. 

In compounds of formulae (1) or (2) the group R® is preferably a methyl 
group, pr especially a hydrogen atom. 

20 The group R^ in compounds of formulae (1) or (2) is preferably a methyl 
group, or especially a hydrogen atom. 

In one preference, R® and R7 in compounds of formula (1) is each a 
methyl group. In another preference, one of R^ or R7 is a methyl group 
25 and the other is a hydrogen atom. In general, however, R® and R^ is each 
especially a hydrogen atom. 

The groups R^ and R^ in compounds of formulae (1) or (2) is each, 
independently, preferably a -CH2Ar group, or, especially, an -Ar group. 

30 

Particularly useful R* or RS groups in the compounds of formulae (1) or (2) 
include those R^or RS groups in which Ar is a monocyciic aryl group 
optionally containing one or more heteroatoms selected from oxygen, 
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sulphur, or, in particular, nitrogen atoms, and optionally substituted by one, 
two, three or more substituents. In these compounds, when the group 
represented by Ar is a heteroaryl group it is preferably a nitrogen- 
containing monocyclic heteroaryl group, especially a six-membered 
5 nitrogen-containing heteroaryl group. Thus, in one preferred example, the 
groups R"^ and R^ may each be a six-membered nitrogen-containing 
heteroaryl group. In another preferred example R^ may be a monocyclic 
aryl group or monocyclic heteroaryl group containing an oxygen or sulphur 
atom and R^ rnay be a six-membered nitrogen-containing heteroaryl 

10 group. In these examples, the six-membered nitrogen-containing hetero- 
aryl group may be an optionally substituted pyridyl, pyridazinyl, pyrimidinyl 
or pyrazinyl group. Particular examples include optionally substituted 2- 
pyridyl, 3-pyridyl or, especially. 4-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5- 
pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl or 3- 

15 pyrazinyl. The monocyclic aryl group may be a phenyl group or a 
substituted phenyl group, and the monocyclic heteroaryl group containing 
an oxygen or sulphur atom may be an optionally substituted 2-furyi, 3- 
furyl, 2-thienyl or 3-thienyl group. 

20 One particularly useful group of compounds of formulae (1) or (2) is that 
wherein R^ and RS is each a pyridyl or, especially^ a monosubstituted 
pyridyl, or preferably a disubstituted pyridyl group, or R^ is a phenyl; 
thienyl or furyl, or substituted phenyl, thienyl or furyl group and R^ is a 
pyridyl or, especially a monosubstituted pyridyl, or preferably a 

25 disubstituted pyridyl group. 

In this particular group of compounds and also in general in compounds of 
formulae (1) or (2), when R^ and/or R^ is a substituted phenyl group it may 
be for example a mono-, di- or trisubstituted phenyl group in which the 
30 substituent is an atom or group Rio as defined above. When the R"^ 
and/or R^ group is a monosubstituted phenyl group the substituent may be 
in the 2-. or preferably 3-, or especially 4-position relative to the ring 
carbon atom attached to the remainder of the molecule. 

35 When in compounds of formulae (1 ) or (2) R"* and/or R5 is a substituted 
pyridyl group it may be for example a mono-or disubstituted pyridyl group. 
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such as a mono- or disubstituted 2-pyridyl, 3-pyridyl or especially 4-pyridyl 
group substituted by one or two atoms or groups R^^ as deiined above, in 
particular one or two halogen atoms such as fluorine or chlorine atoms, or 
methyl, methoxy, hydroxy! or nitro groups. Particularly useful pyridyl 
5 groups of these types are 3-monosubstituted-4-pyridyi or 3,5-disubstituted- 
4-pyridyl. or 2- or 4-monosubstituted-3-pyridyl or 2.4-disubstituted-3- 
pyridyl groups. 

A particularly useful group of compounds according to the invention has 
10 the formula (2) wherein R3. and is each a hydrogen atom and R2. R-* 
and R5 are as defined for formula (1); and the salts, solvates, hydrates 
and N-oxides thereof. Compounds of this type in which R2 is a cycloalkyi 
or substituted cycloalkyi group, especially a substituted cyclopentyl or in 
particular a cyclopentyl group are particularly useful. In this group of 
15 compounds, R^ is preferably a monocyclic aryl group, particularly a phenyl 
or substituted phenyl group or R"^ is a six-membered nitrogen-containing 
monocyclic heteroaryl group, particularly a pyridyl or substituted pyridyl 
group and R^ is a six-membered nitrogen-containing monocyclic 
heteroaryl group, especially a pyridyl or substituted pyridyl group in 
20 particular a 4-pyridyl or substituted 4-pyridyl group. 

Particularly useful compounds according to the invention are: 
(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-furyl) 

ethyl]pyridine; 

25 (±).4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-thienyl)ethyl] 

pyridine; ^ 
(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl]-3- 

methytimidazole; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl] 

30 pyridine; 

{±)-4-[1 .(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyl] 

pyridine; 

(±)-4-[2-(3-Cyciopentyloxy-4-methoxyphenyl)-2-{4.fluorophenyl- 
ethyl] pyridine; 

35 (±)-4-[2-(3-Cyciopentyloxy-4-methoxyphenyl)-2-(4-trifluoromethyl- 
phenyl)ethyl]pyridine; 
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(±)-4-[2-{3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-methoxyphenyl- 
ethyl)]pyridine; 

(±)-4-[2-{3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-methoxyphenyl)- 
ethyl]pyridine; 

(±)-4-[2-(3-Cyclopentyloxy.4-methpxyphenyl)-2-(4-methylphenyl) 
ethyl]pyridine; 

(±)-4.[2-(3-Cyclopentyloxy-4-methoxyphenyi)-2-(3-methylphenyl)- 
ethyl]pyridine; 

(±)-4-[2-{3-Cyclopentyioxy-4-methoxyphenyl)-2-(3-cyclopentyloxy-4- 
methoxyphenyl)ethyl]pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl]-3.5- 
dichloropyridlne; 

(±)-2-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl] 
pyridine; 

(±)-4-[1 -{3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) ethyl] 
aniline; 

(±) -4-(1 -{3-Cyclopenxyloxy-4-methoxyplienyl)-2-(4-pyridyl)ethyl] 
benzoic acid; 

(±) Ethyl N-{4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) 
ethyl]phenyl}carbamate; 

(±) N-{4-[l -{3-Cyclopentyloxy-4-methoxyphenyl)-2(4-pyridyl)ethyl] 
phenyl}N -ethylurea; 

(±) N-{4-[1 -(3-Cyclopentyloxy-4.methoxyphenyl)]-2-(4-pyridyl) 
ethy l}pheny lacetam ide; 

(±) -3-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl] 
pyridine; 

(±) -4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl] 

pyrimidine; 

(±) -4-[2-(3-CycIopentyloxy-4-methoxyphenyl)-2-(4-hydroxymethyl- 
phenyl)ethyl]pyridine; 

(±) -4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-{4-pyridyl)ethyl] 
benzamide; 

(±) Ethyl-4-[1 -{3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-phenyl- 
ethyl]benzoate; 

(±) N-{4-[1-(3-Cyc!opentyIoxy-4-methoxyphenyl)-2-(4-pyridyl)ethyi] 
phenyl}methanesulphonamide; or 
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the resolved enantiomers thereof; and the salts, solvates, hydrates 
and N-oxides thereof. 

The above specifically mentioned compounds exist in two enantiomeric 
5 ' forms. Each enantiomer is useful, as are mixtures of both enantiomers. 

Compounds according to the invention are selective and potent inhibitors 
of PDE IV. The ability of the compounds to act in this way may be simply 
. determined by the tests described in the Examples hereinafter. 

The compounds according to the invention are thus of particular use in the 
prophylaxis and treatment of human diseases where an unwanted 
inflammatory response or muscular spasm (for example bladder or 
alimentary smooth muscle spasm) is present and where the elevation of 
15 cAMP levels may be expected to prevent or alleviate the inflammation and 
relax muscle. 

Particular uses to which the compounds of the invention may be put 
include the prophylaxis and treatment of asthma, especially inflamed lung 

20 associated with asthma, cystic fibrosis, or in the treatment of inflammatory 
airway disease, chronic bronchitis, eosinophilic granuloma, psoriasis and 
other benign and malignant proliferative skin diseases, endotoxic shock, 
septic shock, ulcerative colitis, Crohn's disease, reperfusion injury of the 
myocardium and brain, inflammatory arthritis, chronic glomerulonephritis, 

25 atopic dermatitis, urticaria, adult respiratory distress syndrome, diabetes 
insipidus, allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, 
arterial restenosis and artherosclerosis. 

Compounds of the invention also suppress neurogenic inflammation 
30 through elevation of cAMP in sensory neurones. They are, therefore, 
analgesic, anti-tussive and anti-hyperalgesic in inflammatory diseases 
associated with irritation and pain. 

Compounds according to the invention may also elevate cAMP in 
35 lymphocytes and thereby suppress unwanted lymphocyte activation in 
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immune-based diseases such as rheumatoid arthritis, ankylosing 
spondylitis, transplant rejection and graft versus host disease. 

Compounds according to the Invention have also been found to reduce 
5 gastric acid secretion and therefore can be used to treat conditions 
associated with hypersecretion. 

Compounds of the invention suppress cytokine synthesis by inflammatory 
cells in response to immune or infectious stimulation. They are, therefore. 

10 useful in the treatment of bacterial, fungal or viral induced sepsis and 
septic shock in which cytokines such as tumour necrosis factor (TNF) are 
key mediators. Also compounds of the invention suppress inflammation 
and pyrexia due to cytokines and are, therefore, useful in the treatment of 
inflammation and cytokine-mediated chronic tissue degeneration which 

15 occurs in diseases such as rheumatoid or osteo-arthritis. 

Over-production of cytokines such as TNF in bacterial, fungal or viral 
infections or in diseases such as cancer, leads to cachexia and muscle 
wasting. Compounds of the invention ameliorate these symptoms with a 
20 consequent enhancement of quality of life. 

Compounds of the invention also elevate cAMP in certain areas of the 
brain and thereby counteract depression and memory impairment. 

25 Compounds of the invention suppress cell proliferation in certain tumour 
cells arid can be used, therefore, to prevent tumour growth and invasion of 
normal tissues. 

For the prophylaxis or treatment of disease the compounds according to 
30 the invention may be administered as pharmaceutical compositions, and 
according to a further aspect of the invention we provide a pharmaceutical 
composition which comprises a compound of formula (1) together with one 
or more pharmaceutically acceptable carriers, excipients or diluents. 
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Pharmaceutical compositions according to the invention may take a form 
suitable for oral, buccal, parenteral, nasal, topical or rectal administration, 
or a form suitable for administration by inhalation or insufflation. 

5 For oral administration, the pharmaceutical compositions may take the 
form of, for example, tablets, lozenges or capsules prepared by 
conventional means with pharmaceutically acceptable excipients such as 
binding agents (e.g. pregelatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyl methylcellulose); fillers (e.g. lactose, microcrystalline 

10 cellulose or calciuni hydrogen phosphate); lubricants (e.g. magnesium 
stearate, talc or silica); disintegrants (e.g. potato starch or sodium 
glycollate); or wetting agents (e.g. sodium iauryl sulphate). The tablets 
may be coated by methods well known in the art. Liquid preparations for 
oral administration may take the form of, for example, solutions, syrups or 

15 suspensions, or they may be presented as a dry product for constitution 
with water or other suitable vehicle before use. Such liquid preparations 
may be prepared by conventional means with pharmaceutically acceptable 
additives such as suspending agents, emulsifying agents, non-aqueous 
vehicles and preservatives. The preparations may also contain buffer 

20 salts, flavouring, colouring and sweetening agents as appropriate. 

Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound. 

25 For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

The compounds for formula (1) may be formulated for parenteral 
administration by injection e.g. by bolus injection or infusion. Formulations 

30 for injection may be presented in unit dosage form, e.g. in glass ampoule 
or multi dose containers, e.g. glass vials. The compositions for injection 
may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents such as 
suspending, stabilising, preserving and/or dispersing agents. 

35 Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g. sterile pyrogen-free water, before use. 
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In addition to the formulations described above, the compounds of formula 
(1) may also be formulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
5 injection. 

For nasal administration or administration by inhalation, the compounds 
for use according to the present invention are conveniently delivered in the 
form of an aerosol spray presentation for pressurised packs or a nebuliser, 
10 with the use of suitable propellant, e.g. dichlorodifluoromethane. 
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other 
suitable gas or mixture of gases. 

The compositions may. if desired, be presented in a pack or dispenser 
15 device which may contain one or more unit dosage forms containing the 
active ingredient. The pack or dispensing device may be accompanied by 
instructions for administration. 

The quantity of a compound of the invention required for the prophylaxis or 
20 treatment of a particular inflammatory condition will vary depending on the 

compound chosen, and the condition of the patient to be treated. In 

general, however, daily dosages may range from around lOOng/kg to 
j100mg/kg, e.g. around O.OImg/kg to 40mg/kg body weight for oral or 

buccal administration, from around lOng/kg to 50mg/kg body weight for 
25 parenteral administration and around O.OSmg to around lOOOmg e.g. 

around 0.5mg to around lOOOmg for nasal administration or administration 

by inhalation or insufflation. 

The compounds according to the invention may be prepared by the 
30 following processes. The symbols Y, R2, R3, R4^ rs^ r6^ R7and X. when 
used in the formulae below are to be understood to represent those 
groups described above in relation to formula (1) unless otherwise 
indicated. In the reactions described below it may be necessary to protect 
reactive functional groups, for example hydroxy, amino, thio, or carboxy 
35 groups, where these are desired in the final product, to avoid their 
unwanted participation in the reactions. Conventional protecting groups 
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may be used in accordance with standard practice [see, for example, 
Green. T. W. in "Protective Groups in Organic Synthesis" John Wiley and 
Sons, 1981.] It may be that deprotection will form the last step in the 
synthesis of compounds of formula (1). Thus, in one example, compounds 
5 of formula (1) wherein R"* and/or contains a carboxylic acid group may 
be prepared by deprotecting the corresponding compound wherein R^ 
and/or R^ contains a protected carboxyl group, such as an oxazotinyl 
group, e.g. 4,4-dimethyl-2-oxazolinyl, in the presence of a base, e.g. 
sodium hydroxide, in an acid solvent e.g. aqueous hydrochloric acid, at an 
1 0 elevated temperature, e.g. the reflux temperature. 

Thus according to a further aspect of the invention, a compound of formula 
(1) wherein R^ and R-^ is each a hydrogen atom may be prepared by 
hydrogenation of a compound of formula (3): 

15 



r2x 




The hydrogenation may be performed using for example hydrogen in the 
presence of a catalyst. Suitable catalysts include metals such as 

20 platinium or palladium, optionally supported on an inert carrier such as 
carbon or calcium carbonate; nickel e.g. Raney nickel, or rhodium. The 
reaction may be performed in a suitable solvent, for example an alcohol 
such as methanol or ethanol, an ether such as tetrahydrofuran or dioxane 
or an ester such as ethyl acetate, optionally in the presence of a base, for 

25 example a tertiary organic base such as triethyiamine, at for example 
ambient temperature. 

Alternatively, the reaction may be accomplished by transfer hydrogenation 
using an organic hydrogen donor and a transfer agent. Suitable hydrogen 
30 donors include for example acids, such as formic acid, formates, e.g. 
ammonium formate, alcohols, such as benzyl alcohol or ethylene glycol, 
hydrazine, and cycloalkenes such as cyclohexene or cyclohexadiene. The 
transfer agent may be for example a transition metal, for example 
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palladium or platinum, optionally supported on an inert carrier as 
discussed above, nickel e.g. Raney nickel, ruthenium, e.g. 
tris(triphenylphosphine)ruthenium chloride or copper. The reaction may 
generally be performed at an ambient or elevated temperature, optionally 
5 in the presence of a solvent, for example an alcohol such as ethanoi or an 
acid such as acetic acid. 

Intermediates of formula (3) may be prepared using a Homer- Wadsworth- 
Emmons approach by reaction of a ketone of formula (6) [described 

10 hereinafter] with a phosphonate R5CH2PO(OAIk)2, where Alk is a 
Ci-4alkyl group such as a methyl group, in the presence of a base such as 
sodium hydride. The phosphonates for use in this reaction may be 
prepared by conventional methods, for example by reaction of a 
compound R^CHaU where L is a leaving group such as a chlorine atom 

15 with a phosphine P(OAIk)3. 

In another process for the preparation of intermediates of formula (3), an 
alkene of formula (4): 



may be coupled in a Heck reaction with an organopalladium compound 
derived from a compound R^Hal [where Hal is a halogen atom such as a 
bromine atom] and a palladium salt such as palladium acetate in the 
25 presence of a phosphine such as tri-o-tolyl phosphine and a base such as 
triethylamine at an elevated temperature and pressure. 

Intermediate alkenes of formula (4) may be obtained by reaction of a 
corresponding ketone of fonnula (6) (described hereinafter) using a Wittig 
30 reaction employing a phosphonium salt such as methyltriphenyl- 
phosphonium bromide in the presence of a base such as n-butyllithium 
and an inert solvent such as tetrahydrofuran at. for example, O^C to 
ambient tempei*ature. 



20 




(4) 
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Intermediates of formula (3) may also be prepared by dehydration of an 
alcohol of formula (5): 



using an acid or base - catalysed elimination. 

Suitable acids include for example phosphoric or sulphonic acids, e.g. 4- 
toluenesulphonic acid. The reaction may be performed in an inert organic 
solvent, for example a hydrocarbon such as toluene, at an elevated 
temperature, for example the reflux temperature. Base-catalysed 
elmination may be performed using for example trifluoroacetic anhydride 
in the presence of an organic base such as triethylamine at a low 
temperature e.g, from around O^C to ambient temperature, in a solvent 
such as dichloromethane or tetrahydrofuran. 

In certain instances, the reaction conditions used may also cleave the 
group R2 in the starting material of formula (4) to yield an intermediate of 
formula (3) where R2 is a hydrogen atom. Such compounds may be 
converted to the required compound of formula (3) by reaction with a 
halide R^Hal (where Hal is a halogen atom such as a bromine or chlorine 
atom) as described hereinafter for the preparation of compounds of 
formula (1) from the corresponding compounds where R2 is a hydrogen 
atom. 

It will be appreciated that the alcohols of fomiula (5) are compounds of the 
invention in which the group R3 is a hydroxyl group. Thus according to a 
further aspect of the invention, a compound of formula (1) wherein R^is a 
hydroxyl group and R^is a hydrogen atom may be prepared by reaction of 
a ketone of formula (6): 




(5) 
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R2x 




with an organometallic reagent R^R^CHZ, where Z is a metal atom. 

5 Metal atoms represented by Z include, for example, a lithium atom. 

The reaction may be performed, in a solvent such as an ether, e.g. a cyclic 
ether such as tetrahydrofuran, at a low temperature e.g. around -yo^C to 
ambient temperature. This reaction is particularly suitable for the 
10 preparation of compounds of formula (1) wherein is an electron 
deficient group such as a 2- or 4-pyridyl group. 

Reagents RSR^CHZ are either known compounds or may be prepared, 
preferably i n situ during the above process, by reaction of a compound 
15 AlkCHaZ [where Alk is an alkyi group such as a n-propyl group] with a 
compound R^R^CHa where necessary in the presence of a base such as 
an amine e.g. diisopropylamine using the above-mentioned conditions. 

Ketones of formula (6) may be prepared by oxidation of a corresponding 
20 alcohol of fomiula (7): 




using an oxidising agent such as manganese dioxide in a solvent such as 
25 dichioromethane at ambient temperature. 

Alternatively, ketones of formula (6) may be prepared by reaction of a 
halide of formula (8): 
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10 




(8) 

[where Hal is a halogen atom such as a bromine or chlorine atom] by 
halogen-metal exchange with a base such as n-butyllithium followed by 
reaction with a nitrile R^CN, an acid chloride R'^COCl or an ester 
R'^COaAlk (where Alk is an alkyi group, e.g. a methyl group), in a solvent 
such as tetrahydrofuran at a low temperature, e.g. around -700C, and 
subsequent treatment with an acid such as hydrochloric acid at e.g. -20^0 
to ambient temperature. 

Alcohols of formula (7) may be prepared by reaction of an aldehyde of 
formula (9): 

r2x 




CHO 

(9) 

with an organometallic compound, such as an organolithium compound 
15 R^Li, or a Grignard reagent R'^MgBr, in a solvent, such as tetrahydrofuran, 
at a low temperature, e.g. around -SS^C to O^C. 



Aldehydes of formula (9) may be prepared by alkylation of a 
corresponding compound of formula (10): 



20 



CHO 

(10) 

using a compound R2Hal [where Hai is as previously defined] using the 
reagents and conditions described hereinafter for the alkylation of 
25 intermediates of formula (1 8), 
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Intermediates of formula (10) are either known compounds or may be 
prepared from known starting materials by methods analogous to those 
used for the preparation of the known compounds. 

Halides of formula (8) may be prepared by alkylation of a compound of 
formula (11): 



using the reagents and conditions discussed above in relation to the 
alkylation of aldehydes of formula (10). 

Halides of formula (1 1) where X is -0- may be prepared by oxidation of an 
aldehyde of formula (12): 



using an oxidising agent such as 3-chloroperoxyben20ic acid in a 
halogenated hydrocarbon such as chloroform at a temperature from 
around O^C to room temperature. 

Aldehydes of formula (12) and halides of formula (11) where X is -S- or 
-N(R8)- are either known compounds or may be prepared from known 
starting materials by methods analogous to those used for the preparation 
of the known compounds. 



XH 




(11) 




In yet another process according to the invention, compounds of formula 
(1) wherein R3, and R7 is each a hydrogen atom may be prepared by 
decarboxylation of an.acid of formula (13): 
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CH(R*)CH(R^CX)2H ^ 

(13) 

The reaction may be carried out by treatment of the compound of formula 
(13) with a base, for example an inorganic base such as a hydroxide, e.g. 
sodium hydroxide in a solvent such as an alcohol, e.g. ethanol, at an 
elevated temperature e.g. the reflux temperature, followed by acidification 
of the reaction mixture to a pH of around pH4 to around pH6 using an acid 
such as an inorganic acid, e.g. hydrochloric acid, at an elevated 
temperature, e.g. the reflux temperature. 

If desired, the acid of formula (13) may be generated in situ from the 
corresponding ester or nitriie using the above reaction conditions, or by 
initial treatment with an acid. 

15 Intermediates of formula (13) may be prepared by reacting a compound of 
formula (14) 

R^x . 




[where R"'^ is an ester of an acid -CO2H (e.g. an alkyi ester such as an 
20 ethyl ester) or a group -CN], 

with a Grignard reagent R'^MgBr, in the presence of a complexing agent. 

e.g. a copper (I) bromide-dimethyl sulphide complex, or a copper (I) 

chloride, or with an organoiithium compound, e.g. R^U, in a solvent, e.g. 

tetrahydrofuran, at low temperature, e.g. around -40^0, followed by 
25 treatment with a base or an acid to yield the acid of formula (13) where 

R14 is -CO2H. The Grignard and the lithium reagents are either known 

compounds or may be prepared in a manner similar to that used to 

synthesise the known compounds. 
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Compounds of formula (14) may be obtained by reacting an adehyde of 
formula (9) with an ester or nitrile R5CH2R'^'^ in an acid solvent, such as 
acetic acid, at an elevated temperature, for example the reflux 
temperature, in the presence of a base, such as ammonium acetate. 

5 

In a further process according to the invention a compound of formula (1) 
wherein R^, R^ and R'' is each a hydrogen atom and is a heteroaryt 
group may be generally prepared by cyclisation of a compound of formula 
(15): 



r2x 




where R is a carboxyiic acid [-CO2HI group or a reactive derivative 
thereof; or a nitrile [-CN] or an Imine salt with a Afunctional reagent 
WiRSaw^ and, where necessary, a compound R^bws [where W2 and 
15 W^, which may be the same or different, is each a reactive functional 
group or a protected derivative thereof; and R^a and R^^ are components 
of the heteroaryl group R^ such that when added together with W^, 
and W3 to the group R in compounds of formula (15) the resulting group 
-RWi R5aw2 or -RWi R^aW^RSbW^ constitutes the heteroaryl group R5]. 

20 

Reactive derivatives of carboxyiic acids for use in this reaction include acid 
halides, (e.g. acid chlorides), amides, including thioamides, or esters, 
including thioesters. Imine salts include for example salts of formula [e.g.- 
C(OAIk)=NH2'*"A", where Alk is a Ci-4alkyl group and A- is a counterion 
25 e.g. a chloride ion]. 

In this general reaction the reactive functional groups represented by W , 
W2 or may be any suitable carbon, nitrogen, sulphur or oxygen 
nucieophiles. Particular examples include simple nucleophiles such as 
30 carbanions [e.g. generated by the coupling of an alkyi group with an 
organometallic compound], amino" thiol and hydroxyl groups. 
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In general, the cyclisation reaction will initially be performed in a solvent, 
for example an inert solvent such as a halocarbon, e.g. dichloromethane, 
an ether, e.g. a cyclic ether such as tetrahydrofuran, or a hydrocarbon, 
e.g. an aromatic hydrocarbon such as toluene, from a low temperature, 
5 e.g. around -70^C, to around the reflux temperature, where necessary in 
the presence of a base or a thiation reagent, e.g. Lawesson's reagent, 
followed If necessary by heating, to an elevated temperature, e.g. the 
reflux temperature. " 

10 Thus, in one particular example, compounds of formula (1) wherein R^, 
and R7 is each a hydrogen atom and R^ is a benzothiazolyl, benzoxazolyl 
or benzimidazolyl group may be preparied by reaction of a compound of 
formula (15) where R is an acid hallde, e.g. acid chloride, with a reagent 
WiR5avv2 which is 2-aminothiophenol. 2-hydroxyphenol, or 1.2- 

15 diaminobenzene respectively in the presence of a base e.g. an organic 
amine such as pyridine, in a solvent e.g. a halocarbon such as 
dichloromethane, from around -JO^C to the reflux temperature. 

In another example of the general cyclisation process, a compound of 
20 fomdula (15) where R is an acid halide as described above may be reacted 
with a compound W^R^aw^ which is a monoalkylmalonate, e.g. ethyl 
hydrogen malonate, followed by reaction with a compound R^^w^ which is 
hydrazine to give a compound of formula (1) wherein R^. R^ and R^ is 
each a hydrogen atom and R^ is a 5-hydroxypyrazolyl group. 
25 . 

In another variation of the cyclisation process, the halide of formula (15) 
may be reacted with a compound WRS^wS which is BrMg(CH2)3[- 
0(CH2)20-] followed by reaction in an acid solution with a compound 
R5bv\/3 which is methylamine to yield a compound of formula (1) wherein 
30 R^. R^ and R^ is each a hydrogen atom and R^ is a N-methyl pyrrole 
group. 

In a further example of the cyclisation process, the halide of formula (15) 
may be reacted with a compound W^RS^w^ which is H2NNHCSNH2 in an 
35 aromatic hydrocarbon such as toluene, at an elevated temperature, e.g. 
around ISO^C. followed by treatment with a base, e.g. an inorganic base 



wo 94/14742 



PCT/GB93/02625 



27 

such as sodium bicarbonate to give a compound of formula (1) wiierein 
R3, r6 and R7 is eacii a hydrogen atom and is a 1 .2,4-triazoIyl-5- 
thiolate group. 

5 Intermediate compounds of formula (15) are particularly useful and form a 
further aspect of the invention. Active derivatives of the acids of formula 
(15) and other compounds of formula (15) where R is a nitrile or an imine 
salt may be prepared from the corresponding acids [where R is -Cd2H] 
using conventional procedures for converting carboxylic acids to such 
1 0 compounds, for example as described in the Examples hereinafter. 

Acids of formula (15) [where R is -CO2H] may be prepared by hydrolysing 
a diester of formula (16) 

R2x 




where Alk is a Ci.4alkyi group, e.g. an ethyl group, with a base, e.g. 
sodium hydroxide, in a solvent, e.g. dioxsuie, at an elevated temperature, 
e.g. the reflux temperature, followed by acidification at an elevated 
20 temperature. 

Diesters of formula (16) may be prepared by reacting a diester of formula 
(17) 

r2x 




25 

with an organometallic reagent, such as a Grignard reagent using the 
conditions described above for the preparation of alcohols of formula (1). 



30 



In another process according to the invention, a compound of formula (1) 
may be prepared by alkylation of a compound of formula (18): 
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HX 



Y 




C(FP)(R^)C(R^(R^R^ 



(18) 



10 



15 



20 



using a reagent R^L, where L is a leaving group. 

Leaving groups represented by L include halogen atoms such as iodine or 
chlorine or bromine atoms or sulphonyloxy groups such as 
aryisulphonyloxy groups, e.g. p-toluenesulphonyloxy. 

The alkylation reaction may be carried out in the presence of a base, e.g. 
an inorganic base such as a carbonate, e.g. caesium or potassium 
carbonate, an alkoxide, e.g. potassium-t-butoxide, or a hydride, e.g. 
sodium hydride, in a dipolar aprotic solvent such as an amide, e.g. a 
substituted amide such as dimethylformamide or an ether, e.g. a cyclic 
ether such as tetrahydrofuran, at ambient temperature or above e.g. 
around 40OC to 50^0. 

Intermediates of formula (18) may be obtained from the corresponding 
protected compound of formula (19): 



wherein X** is a protected hydroxy, thio or amino group using conventional 
procedures [see Green, T. W. ibid\ . Thus, for example, where X is a t- 
butyldimethylsilyloxy group, the required hydroxy! group may be obtained 
by treatment of the protected intermediate with tetrabutylammonium 
fluoride. The protected Intermediate of formula (18) may be prepared in 
an analogous manner to the compounds of formula (1) using the reactions 
described herein and appropriately protected intermediates. 



X' 




(19) 



30 
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Compounds of formula (17) may be prepared by condensing an aldehyde 
of formula (9) with a malonate, e.g. diethylmalonate, if necessary Jn the 
presence of catalysts, e.g. piperidine and acetic acid, in an inert solvent, 
e.g. toluene, at elevated temperature, e.g. the reflux temperature. 

5 

Compounds of formula (1) may also be prepared by interconversion of 
other compounds of formula (1). Thus, for example, a group represented 
by or RS in compounds of formula (1) may be substituted in the aryl or 
heteroaryl portions by any of the groups R"*^ by an appropriate substitution 
10 reaction using the corresponding unsubstituted compound of formula (1) 
and a R^o containing riucleophile or electrophile. 

In another example of an interconversion process a compound of formula 
(1) wherein the aryl or heteroaryl group in R^ and/or R5 contains a 
15 -CH2NH2 substituent may be prepared by reduction of a corresponding 
compound wherein R"^ and/or RS contains a nitrile group, using for 
example a complex metal hydride such as lithium aluminium hydride in a 
solvent such as an ether e.g. diethylether. 

20 In a further example, a compound of formula (1) wherein the aryl or 
heteroaryl group in R^ and/or RS contains an alkanoylamino or 
alkanoylaminoaikyl substituent may be prepared by acylation of a 
corresponding compound wherein R^ and/or RS contains a -NH2 or 
alkylamino group by reaction with an acyl halide in the presence of a base, 

25 such as a tertiary amine e.g. triethylamine in a solvent such as 
dichloromethane. ^ 

In yet another example of an interconversion process, compounds of 
formula (1) wherein R^ and/or R^ is substituted by an ester [C02Alk2], e.g. 
30 an ethanoate, may be prepared by esterification of a corresponding 
compound wherein R'^ and/or R^ contains a carboxylic acid, using an acid 
halide, such as an acid chloride, e.g. acetyl chloride, in an alcohol, such as 
ethanol, at an elevated temperature, such as the reflux temperature. 

35 Compounds of formula (1) wherein R^ and/or R^ is substituted by a 
carboxylic acid may be prepared from the corresponding compound 
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wherein R"* and/or contains a formyl group, by oxidation with , an 
oxidising agent, e.g. potassium permanganate, in a solvent, such as an 
alcohol, e.g. tert-butanol, at ambient temperature. 

5 In a further interconversion reaction, compounds of formula (1 ) wherein R^ 
and/or R5 is substituted by an amlnoalkyl group, such as dimethyl- 
aminomethyl, may be prepared by reductive amination of a corresponding 
compound wherein R"^ and/or R^ contains a formyl group, using an amine, 
e.g. dimethylamine, in the presence of a reducing agent, e.g. sodium 
10 cyanoborohydride. if necessary in the presence of a catalyst, e.g. 
ethanoiic HCI, in a solvent, such as an alcohol, e.g. methanol, at ambient 
temperature. 

In another example of an interconversion reaction a compound of formula 
15 (1) wherein R"* and/or R^ is substituted by a formyl group, may be reduced 
to the corresponding alcohol, e.g. where R"^ and/or R^ contains a hydroxy- 
methyl group, using a reducing agent, e.g. sodium borohydride, in a 
solvent, such as an alcohol, e.g. ethanol, at a temperature from around 
2(PC to ambient temperature. The resulting alcohol may then be 
20 converted to the corresponding alkoxy derivative, e.g. methoxymethyl, by 
reaction with an alkyt halide or alkyi sulphonate using the methods and 
reagents described above for the alkylation of intermediates of formula 
(18). 

25 In a further example of an interconversion process compounds of formula 
(1) wherein R-* and/or R^ contains a carboxamido (-CONHRi**) or an 
aminocarbonyl (-NHCOR"*"*) group may be prepared by reaction of the 
corresponding compound wherein R^ and/or R^ contains a -CO2H or a 
-NH2 group respectively by reaction with a carbamate, such as isobutyl 

30 chloroformate or ethyl chloroformate, in the presence of a base, such as 
an amine, e.g. triethylamine or N-methylmorpholine, in a solvent, such as 
dichioromethane, or a mixture of solvents, e.g. tetrahydrofuran and 
dimethylformamide. at a temperature from around -20^0 to room 
temperature. 
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In a still further intercon version reaction, compounds of formula (1) 
wherein and/or is substituted by a -NHCONHR'*'* group may be 
prepared by reacting a corresponding compound wherein R^ and/or is 
substituted by an amino (-NH2) group, with an isocyanate. e,g. ethyl 
5 isocyanate, in a solvent, e.g. dichloromethane, at ambient temperature. 

In another example of an interconversion process, compounds of formula 
(1) wherein R^ is an alkyi group, may be prepared by interconversion of a 
compound of formula (1 ) where R^ is a hydrogen atom by reaction with a 
10 compound R^L, where L is a leaving group, for example a halogen atom, 
such as chlorine, in the presence of a base, for example lithium 
diisopropylamide, in a solvent such as tetrahydrofuran, at low temperature, 
such as O^'C. 

15 Compounds of fomiula (1) wherein R^ is an OR^ group where Is an 
alkyl. alkoxyalkyi, fbrmyl or alkanoyi group, may be prepared in another 
example of an interconversion process by reaction of a compound of 
formula (1) where R3 is a -OH group with a compound R^L (where R^ is 
as just defined and L is a leaving group as described above), in a solvent, 

20 such a dichloromethane or tetrahydrofuran in the presence of base, for 
example triethylamine or potassium tert-butoxide, at room temperature. 

In a further interconversion process compounds of fonmula (1) wherein R^ 
is a carboxamido (-CONHRi^) or a thiocarboxamido (-CSNHRi '*) group, 

25 may be prepared by reaction of a compound of formula (1 ) wherein R3 is a 
hydroxyl group with an isocyanate RUNCO or an isothiocyanate Ri'^NCS. 
in a solvent, for example chloroform, in the presence of a base, for 
example diisopropylethylamine, at ambient temperature. The isocyanate 
RiiNCO and isothiocyanate R^^NCS are known compounds or may be 

30 prepared in a conventional manner. 

In. a further example, a compound of formula (1) wherein R^ is a 
CONR'''*R'*2 group may be prepared by reaction of a compound of formula 
. (1) wherein R9 is a CONHRii group with .a reagent Ri^L (where L is a 
. 35 leaving group as described above) in the presence of a base, for example 
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sodium hydride, in a solvent, such as tetrahydrofuran, at low temperature, 
for example O^C. 

In another example, an isothiocyanate of formula (1) where is 
5 -CSNRiiRi^ may be prepared by reacting a compound of formula (1) 
wherein R^ is a (-CONRi'^Ri^) group with a thiation reagent, such as 
Lawesson's Reagent, in an anhydrous solvent, for example toluene, at 
elevated temperature, such as the reflux temperature. ^ 

10 N-oxides of compounds of formula (1) may be prepared for example by 
oxidation of the corresponding nitrogen base using an oxidising agent 
such as hydrogen peroxide in the presence of an acid such as acetic acid, 
at an elevated temperature, for example around 70^0 to 80^0, or 
alternatively by reaction with a peracid such as pecBcetic acid in a solvent, 

15 e.g. dichloromethane, at ambient temperature. 

Salts of compounds of formula (1) may be prepared by reaction of a 
compound of formula (1) with an appropriate acid or base in a suitable 
solvent or mixture of solvents e.g. an organic solvent such as an ether e.g. 
20 diethylether, or an alcohol, e.g. ethanoi using conventional procedures. 

Where it is desired to obtain a particular enantiomer of a compound of 
formula (1) this may be produced from a corresponding mixture of 
enantiomers using any suitable conventional procedure for resolving 
25 enantiomers- 

Thus for example diastereomeric derivatives, e.g. salts, may be produced 
by reaction of a mixture of enantiomers of formula (1) e.g. a racemate, and 
an appropriate chiral compound, e.g. a chiral acid or base. Suitable chirai 
30 acids include, for example, tartaric acid and other tartrates such as 
dibenzoyi tartrates and ditoluoyi tartrates, sulphonates such as camphor 
sulphonates, mandelic acid and other mandelates and phosphates such 
as 1,l'-binaphthalene-2,2'-diyl hydrogen phosphate. The diastereomers 
may then be separated by any convenient means, for example by 
35 crystallisation and the desired enantiomer recovered, e.g. by treatment 
with an acid or base in the instance where the diastereomer is a salt. 
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In another resolution process a racemate of formula (1) may be separated 
using chiral High Performance Liquid Chromatography, for example as 
described in the Examples hereinafter. 

5 

Alternatively, if desired a particular enantiomer may be obtained by using 
an appropriate chiral intermediate in one of the processes described 
above. Thus, for example, the procedure and chiral intermediates 
described herein for the preparation of (+)-2-[2-(3-cyclopentyloxy-4- 
10 methoxyphenyl)-2-phenyiethyl]benz[d]oxazole (see Example 35) may be 
readily adapted to provide particular enantiomers of the invention. 

The following examples illustrate the invention. The following 
abbreviations are used: DMF - dimethylformamide; THF - tetrahydro- 
15 furan; DME - dimethoxyethane; EtOAc - ethyl acetate; EtaO - diethyl- 
ether; EtsN - triethylamine; BuLi - butyllithium; LDA - lithium 
diisopropylamide; EtOH - ethanol; RT - room temperature. 

Al! 1 Hnmr spectra were obtained at 300MHz unless specified otherwise. 

20 

IhfTERMEDIATE 1 

3-Cvciopentvtoxv-4-methoxvbenzaldehvde 

CS2CO3 (214g, 0.66mol) was added to a mixture of 3-hydroxy-4- 
methoxybenzaldehyde (100g, 0.66mol) and cyclopentyl bromide (98g, 

25 0.66mol) in anhydrous DMF (500ml). The reaction mixture was stirred at 
RT for 16h then treated with a further portion of cyclopentyl bromide (98g, 
0.66mol) and CS2CO3 (21 4g, 0.66mol). After a further 6h at RT, the 
mixture was filtered and concentrated in vacuo . The residue was 
dissolved in CH2CI2 (300ml) and washed with NaOH solution (10%; 

30 2x150ml). The organic layer was dried (MgS04), concentrated in vacuo, 
and distilled (150^0, lO'^mbar) to afford the title compound (130g) as a 
viscous colourless oil. 5h (CDCI3) 1-5-2.0 (8H, br m, CH2)4), 3.87 (3H, s, 
OMe), 4.80 (1H, br m, OCHCH2), 6190 {1H, d, J 8.7Hz, ArH ortho to OMe), 
7.30-7.45 (2H. m, 2xArid meta to OMe), and 9.77 (1 H. s, ArCMO). . 

35 



INTERMEDIATE 2 
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a) f3-CvciODentyloxY-4-methoxvphenvnphenvtketdne 

Phenyllithium (1.5M in ether-cyclohexane. 33.5ml, SOmmol) was added 
dropwise to a solution of Intermediate 1 (10.0g. 45.4mmol) in THF (50ml) 
at about -SS^C. The reaction mixture was allowed to warm to RT 
5 overnight then diluted with water (100ml) and extracted with EizO 
(3x50ml). The organic extract was washed with aqueous HCI (1%, 70ml), 
brine (iOOmI), then dried (MgS04), and concentrated in vacuo to afford Iz 
f3-cvclopentyloxv>4-methoxvphenyl V1 -ohenv f methanol ( 1 SAo) as a white 
solid, m.p. 82.5-830C; 6h (CDCI3) 1.5-2.0 (8H. br, m, (Cld2)4). 2.30 (1H, 
10 br. s. OH), 3.77 (3H. s. OMe). 4.68 (1H. br, m, OCHCH2). 5.77 (1H, s. 
CHOH), 6.75-6.85 (3H. m. Arid ortho to OMe + 2xArH meta to OMe), and 
7.15-7.4 (5H, m. CeHs); m/Z 298 (M+ 20%). 230 (50), 151 (30), 125 (100), 
124 (33), 105 (38), and 92 (22). 

The alcohol (prepared above) (13.4g, 44.8mmol) was dissolved In CH2CI2 
15 (150ml) and treated with Mn02 {22g), The reaction mixture was 
vigorously stirred at RT for 18h then treated with a further portion of MnOa 
(20g). More Mn02 (20g) was added after lOh and the mixture stirred for 
18h then filtered through Celite® and concentrated In vacuo. The residue 
was recrystaillsed from EtOH to afford the title compound (1 1.27g; two 
20 crops) as a white crystalline solid m.p. 59-75^0; 5h (CDCI3) 1.5-2.1 (8H, 
br, m, (Ctl2)4), 3.88 (3H, s. OMe). 4.80 (1H, br m, OCHCH2), 6.83 (I H. d. 
J 8.5 Hz, ArH ortho to OMe), and 7.25-7.8 (7H, m, 2xArH meta to OMe + 
Ceids); m/z 296 (M+ 11%), 229 (17), 228 (95). 152 (12), 151 (100), 105 
(30). 77(21), and 41 (10), 

25 

b) f3-CvclODentvtoxv-4«nnethoxvDhenviV2-methoxvDhen vtlketone 

From Intermediate 4 (1.35g. 5.0mmol) and 2-methoxybenzaldehyde 
(0.68g, 5.0mmol). Chromatography (Si02; EtOAc^hexane, 1:1) afforded 
the title compound (1.43g) as a white solid (Found: 0,73.53, H. 6.86, 
30 C20H22O4 requires C. 73.60; H, 6.79%): m/z, (B) 326 (M+ 28%), 258 
(65), 241 (82). 151 (67). 138 (32). 135 (100). and 121 (45). 

INTERMEDIATE 3 
" 5-Bromo-2-methoxyphenol 

35 A solution of 5-bromo-2-methoxyben2aldehyde (100g, 0.46mol) in CHCI3 
(250ml) was cooled with an ice bath and ^-chloroperoxybenzoic acid (50- 
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60% purity) (146g. O.SImol) in CHCI3 (1000ml) added. The reaction 
mixture was allowed to warm slowly to room temperature and stirred for 
72h. The white solid was filtered off and the filtrate concentrated in vacuo . 
The residue was dissolved in Et20 (200ml) and washed with 1M sodium 
5 sulphite solution (2x200ml) then NaHCOa [half saturated] (3x200ml). The 
ether layer was washed with 10% aqueous NaOH (3x100ml) and the 
combined basic extract was acidified with concentrated hydrochloric acid 
and extracted with EtaO (3x100ml). The combined organic extract was 
dried (MgS04) and florisil (lOg) filtered and the solvent removed under 
10 reduced pressure to give the title compound (90g) as a pale brown solid. 

INTERMEDIATE 4 

4-Brom9-?-PYPiopgptYioxyanisoie 

Intermediate 3 (90g)was dissolved in DMF (300ml), and treated with 
15 CS2CO3 (158g, 490mmol). and cyclopentyl bromide (73g. 52-5ml. 
490mmol). After stirring overnight, further CS2CO3 (35g, 107mmol) and 
cyclopentylbromide (12ml. 16.7g. 112mmol) were added and stirring 
continued for 2h. Further portions of cyclopentylbromide (10ml) and 
CS2CO3 were then added (14g). After stirring for 1h. the DMF was 
20 evaporated in vacuo and the residue diluted with water (200 ml) and 
extracted with EtaO (3x1 00ml). The combined organic extract was washed 
with NaOH solution (5%, 2x100ml), water (lOOmi), then dried (MgS04) 
. and the solvent evaporated in vacuo to give a red oil which was distilled 
(140<^C. 0.3mbar) to afford the title compound (101g) as a colouriess oil 
25 (Found: C, 53.11; H, 5.53. Ci2Hi5Br02 requires C, 53.15; H, 5.58%). 

INTERMEDIATE 5 

a) (3-Cvclopentvloxv-^methoxvDhenvl)f4-pvridvl)ketone 

n-BuLi (1.45M in hexanes; 19.6ml, 28.4mmol) was added dropwise at 
30 -yo^C to a solution of Intermediate 4(7.0g, 25.8mmol) in THF (50ml). 
After stirring for 0.25h; a solution, of 4-cyanopyridine (3.08g, 29.7mmol) in 
THF (15ml) was added and maintained at -70^0 for 0.75h. The reaction 
mixture was then allowed to warm to -lO^C and quenched with aqueous 
HCI (10%; 60ml). The mixture was stirred for 0.5h, basified with aqueous 
35 NaOH (10%. 70ml). and extracted with EtaO (3x70ml). The extract was 
washed with brine (100ml), dried (MgS04). and concentrated in vacuo. 
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The residue was subjected to chromatography (Si02; EtOAc/hexane» 4:1) 
to afford the title compound (6.34g) as a white powder. 5h (CDCI3) 1.5-1.9 
{8H. br m, (CH2)4). 3.90 (3H, s, OMe). 4.82 (IH. br m, OCHCH2). 6.84 
(1 H, d, i 8.4 Hz, ArH ortho to OMe) 7.29 (1 H, dd, J 8.4. 2.0 Hz, ArH oara 
5 to cyclopentyloxy), 7.4-7.55 (3H, m, ArH ortho to cyclopentyloxy + 
pyridine tb, Bs), and 8.73 (2H, dd, J 4.4 Hz, 1 .5 Hz, pyridine H2. He): 

b) (3"Cvclopentvtoxy-4-methoxyphenvnf4-methvlDhenvnketone 
From Intermediate 4 (2.71 g, lOmmol) and 4-methylbenzonitrile (1.17g. 

10 lOmmol). Chromatography (SiOa; EtaO/hexane, 1:1) afforded the title 
compound (1 .80g) as a white solid; 6h (80MHz; CDCI3) 1.5-2.1 (8H, br m, 
(CJbl2)4). 2.44 (3H, s, ArMe). 3.92 (3H. s. OMe). 4.83 (1H, br m, OCH), 
6.87 (1H, d, J 8.3 Hz, ArH ortho to OMe), 7.27 (2H, d, J 8.0 Hz. ArH ortho 
to OMe). 7.36 (1H. dd. J. 8.3, 2.0Hz, ArH caca to cyclopentyloxy). 7.43 

15 (1H, d, i 2.0Hz, ArH ortho cyclopentyloxy), and 7.68 (2H, £a d, 4 8.0Hz, 
Artlmfitato Me). 

c) f3-CvclODentvioxv>4-methoicvphenvtW4-mQthoxvDhenvi^kQtQne 
From intermediate 35 (2.17g, lO.Ommol) and 4-bromoiantsole (1.82g, 

20 lO.Ommol). Chromatography (SiOa; EtOAc/hexane, 1:1) afforded the title 
compound (2.88g) as a white solid; 6h (80MHz; CDCI3) 1 .45-2.05 (8H, br 
m. (Cil2)4). 3.90 (3H, s. OMe), 3.94 (3H. s. OMe). 4.83 (1H. br m. OCH), 
6.90 (1 H, d, J. 8.5Hz, ArH meta to cyclopentyloxy), 6.94 (2H. ca. d. J pa. 
8.3Hz, ArH meta to OMe), 7.35 (1 H, dd, i 8.5, 2.0Hz, ArH oara to OMe). 

25 7.40 (1 H, d, il 2.0Hz, ArH ortho to cyclopentyloxy) , and 7.80 (2H, ca. d. J 
8.3 Hz, ArH ortho to OMe), m/Z (El) 326 (M+ 35%), 259 (35), 258 (97), 
227 (40), 151 (80), 135 (100), 77 (22), and 41 (28). 

d) (3-Cvciopentvloxy-4-methoxvDhenvl)(3-methoxvphenyl)ketone 

30 From Intermediate 34 (2.17g. lO.Ommol) and 3-bromoanisole (1.82g, 
lO.Ommol). Chromatography (Si02; EtOAc/hexane, 1:1) afforded the title 
compound (2.B7g^ as a white solid (Found: C, 73.60; H, 6.73. C20H22O4 
requires C, 73.60; H, 6.79%); m/Z (El) 327 (M+ + 1.15%), 326 (M+ + 67), 
259 (42). 258 (98), 241 (16), 227 (18), 152 (20), 151 (100). 135 (40). and 

35 83(17). 
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INTERMEDIATE 6 

(E) and (Z) isomers of 4-f1-f3-Hydroxy^>methoxvphenyn>2-r4-Dvridyl) 
ethenvl]pyridme 

A solution of the alcohol of Example 2 (0.72g. 1.85mmol) in toluene 
5 {120ml) containing 4-toluenesulphonic acid (0.88g. 4.6mmol) was heated 
to reflux in a Dean-Stark apparatus for 18h. The cooled reaction mixture 
was treated with aqueous NaOH (10%) then taken to pH 7 with 
concentrated hydrochloric acid. The mixture was extracted with CH2CI2 
(3x40ml), the extract washed with saturated NaHCOa (100ml), and 

10 NaaCOa (10%;2x60ml), then dried {MgS04), and concentrated in vacuo to 
afford the title compound (0.4g) as a yellow foam; 5h (CDCI3) (major 
isomer) 3.88 (3H. s, OMe). 6.6-6.9 (6H, m, ArH ortho to OMe + 2xArJH 
msta to OMe + C=Ctl + pyridine tb. tU), 7.08 (2H, dd, ^ 4.6, 1.6 Hz, 
pyridine hb. Us), 8.30 (2H, dd, Ji 4.5, 1.6 Hz, pyridine tb, he), and 8.51 

15 (2H, dd, J. 4.4. 1.6 Hz, pyridine tb, tie), (the minor isomer displays a 
signal at 5 3.90 (3H, s, OMe)]. 

INTERMEDIATE 7 

a) (E) and (Z) isomers of 4-r2-f 3-C vcloDentvtoxv-4^methoxv- 

20 PhenvlV>2-Phenvlethenvn pyridine 

The alcohol of Example la (3-13g, 8.05mmol) was dissolved in toluene 
(70ml) containing 4-toluenesulphonic acid monohydrate (1.91g, 
10.05mmol) and the mixture heated to reflux for 1h. The reaction mixture 
was poured into aqueous NaOH (10%; 100ml) and stirred for 5 min. The 

25 mixture was extracted with EX2O (3x70ml) and the organic extract washed 
with water (80ml), and brine (80ml). then dried {MgS04), and concentrated 
in y^QW to afford the title compound (3.0g) as a viscous pale yellow oil. Sh 
(CDCI3) 1.5-2.1 (8H, br m, (CH2)4). 3.82 (major) and 3.84 (minor) (3H, s, 
OMe). 4.8 (1H. br m, OCHCH2), 6.6-7.4 (11H. m. ArH ortho to OMe + 

30 2xArH meta to OMe + CrHs+ pyridine tb, his), and 8.2 - 8.35 (2H, m, 
pyridine H2, He); m/z 372 (M+ + 1, 12%), 371 (M+, 40), 304 (21). 303 
(100). 302 (72) and 274 (22). 

The following compounds were prepared using a similar procedure: 

35 ' 
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b) and (Z) isomers of 2-r2-f3-Cvct ooentvloxv-4-methoxv- 
phenvl>-2-phenvlethenvll pyrazine 

From the alcohol of Example lb (570mg, 1.5mmol) and 4-toluene 
sulphonic acid (about 20mg). Upon completion, the reaction mixture was 

5 concentrated in vacuo then subjected to chromatography (SiOa; EtgO) to 
afford the title compound (520mg) as a colourless oil. 5h (CDCI3) 1.5-2.0 
{8H, br m. (CJd2)4). 3.84 and 3.86 (3H. s. OMe). 4.58 and 4.72 (1H, br m, 
OCH). 6.65-7.5 (9H, m, CeHs+CsCH+Arti fillbffi to OMe+2xArtl m£la to 
OMe), 7.90 and 8.04 {1H, d. J. 1.5Hz, pyrazine hb). 8.18 and 8.21 (1H, d, 

1 0 i 2.5Hz, pyrazine Mb), and 8.45 and 8.48 (1 H, m. pyrazine Ms). 

c) fE^ and (Z\ isomers of 3-r2-f3-Cvcl QpentvlQxv-4-methoxv- 
phenviV.2-D henvlethenvl1-2-methoxvDvrazine 

From the compound of Example 7a (2.94g, 7.0mmol) and 4-toluene- 
15 sulphonic acid (about 20mg) as described for Intermediate 7b to afford the 
titifl compound (2.67g) as a yellow oil. 5h (CDCI3) 1 .5-2.0 (8H, br m, 
(CH2)4). 3.80, 3.81. 3.83, 3.86 (2 X 3H, s, 2 X OMe), 4.50. 4.70 (1H, br m, 
OCH). 6.6O-7.5 (9H, m. Ceids + C = Ci± + Arfci ortho to OMe + 2 x ArU 
meta to OMe) and 7.7-7.95 (2H, m, pyrazine Us, tie)- 

20 

d) (i) fE^4-r2-f3-CvcloDentvlo xv-4-methoxvDhcnvlV2-Dhenviethenvn- 

3.5-dichtoroDvridine 
(ii) fZ^4-r2-f3-CvcloDentvloxv-4-meth oxvphenvlV2-Dhenvlethenvn 
-3.5-dichtoropvridine 
25 From the compound oif Example 1c (1.6bg, 3.58mmoO and 4-toluene- 
sulphonic acid (0.85g). Purification by column chromatography (SiOa; 
CH2CI2) afforded: 

i) (E) title compound (960mg) as an off-white solid m.p. 138.5-140OC. 5h 

(CDCI3) 1.5-2.0 (8H, br m, (Cld2)4). 3.88 (3H, s. OMe). 4.72 (1H, br m. 
30 OCii), 6.59 (1 H, s, C=CH), 6.85 (1 H. d, J 8.4Hz, ArH ortho to OMe). 6.90 

(1H. d, J 2.0Hz, ArH ortho to cyclopentyloxy), 6.95 (IH, dd, J 8.4. 2.0Hz. 

ArH para to cyclopentyloxy), 7.0-7.1 (2H, m, id2. tie of CeHs). 7.15-7.3 

(3H, m. tb. Ji4. lis of CsHs), and 8.35 (2H, s. pyridine id2. tie). 

and ii) (Z) title compound (240mg) as an off-white solid, m.p. 155- 
35 156.50C. 5h (CDCI3) 1.4-1.8 (8H, br m (CH2I4). 3.80 (3H. s. OMe). 4.42 

(IH. br m OCtl). 6.52 (IH. d. J, 2.0 OHz,m ArH ortho to cyclopentyloxy). 
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6.56 (1H. s. C=Cil). 6.57 (1H, dd. J. 8.4. 2.0 Hz, ArH oara to cyclopentyl- 
oxy). 6.68 (1 H. d, A 8.4 Hz. ArH ortho to OMe), 7,3-7.45 (5H,m, Ceils), and 
8.37 (2H. s, pyridine id2. Jds). 

5 e) (E) andfZ^ isomers of 3-r2-f3-Cv c!oDentvloxv-4-methoxv 
phenyl>-2-Dhcnviethenvl]pvridazine 
From the compound of Example 7b (4.0g). Purification by chromatography 
(Si02: EtgO) afforded the title compound (2.07g) as a pale yellow solid 
(Found: C, 77.59; H. 6.49; N, 7.24. C24H24N2O2 requires C, 77.39; H, 
10 6.50; N, 7.52%); 5h (CDGb) 1 .5-1 .9 (8H, br m, (C]d2)4). 3.88 ,3.90 (3H, 
s. OMe). 4.58. 4.70 (1H. br m. OCU), 6.6-7.5 (11H. m. C6JH[5+C6J±3+C=C]1 
+ pyridazine i±4, i±5+ ), and 8.85-8.90 (1H, m. pyridazine tb) ('Hnmr 
indicates a 3:2 E/Z ratio); m/z. (ESI) 396 (M++1+Na. 57%). 395 
(M++Na,100), 374 (66), 373 (78), and 305 (16). 

15 

f) (EYancUZS isomers of 2-r2-f3-Cvclopentvloxv -4-methoxv 
DhenviV2-Phenvlethenvil-4-methvipyridine 

From the compound of Example 7c (1.15g, 2.85mmol). Purification by 
chromatography (Si02; EtOAc) afforded the title compound (1.2g) as a 
20 pale yellow solid; 5h (CDCI3) 1.4-1.9 (8H, br m, (Cti2)4), 2.04 (major), 
2.09 (minor) (3H. pyridine Me). 3.85 (major). 3.88 (minor) (3H, s, OMe), 
4.58 (minor, 4.72 (major) (1H, br m, OCtL), 6.4-7.5 (11H. m, 
CeHs+CeHs+pyridine Jd3. ids* C=Cii), 8.5-8.55 (1H. m. pyridine tie). 
. 'Hn.m.r indicates a 2:1 E/Z ratio. 

25 

g) fE^ and CZi isomers o f 4-r2-f3-Cvclopentvioxv-4-methoxv 
phenvl)-2-Dlienvlethenvnoyrimidine 

From the compound of Example 7d (2.55g). Purification by 
chromatography (Si02; Et20) afforded the title compound (1.20g) as a 
30 pale yellow foam; 5h (CDCI3) 1.5-2.0 (8H. br m, (Chi2)4). 3.88.3.90 (3H, 
s, OMe). 4.60. 4.70 (1H. br m. OChL), 6.44. 6.64 {1H. d, J 5.2Hz, 
pyrimidine Ms). 6.65-7.0 (3H. m, Ceiia). 7.2-7.45 (6H. m. C6M5+C=CH ), 
8.26, 8.32 (1H. d. J. 5.2Hz. pyrimidine He) , and 9.10. 9.12 (1H, ca s, 
pyrimidine Jd2). 

35 

h) f and CZi isomers of 4-r2-r3-Cvc!opentvtoxv-4-methQxv 
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phenvlV2-f3-methoxvDhenvt)ethenvnDvridine 

From the compound of Example 2b. Chromatography (SiOa; EtOAc) 
afforded the title compound as a yellow oil (0.90g). 

5 i) f E> and CZ) isomers of 4-f2-f3-Cyct Qbentvtoxv-4-methoxv 
DhenvlV2-f2 >methoxvDhenv|tethenvnDvridine 
From the compound of Example 2c. Chromatography (SiOa; EtOAc) 
afforded the title comound as a yellow oil (0.75g). 

10 INTERMEDIATE 8 

(E^ and (Z\ isomers of 4-ri-f3-Cvclopentvtoxv-4-methoxvDhenvlV2-(4- 
pyridvltethenvn pyridine 

A mixture of Intermediate 6 (0,48g,1.58mmol), CS2CO3 (0.56g,1.73mmol), 
and cyclopentyl bromide (0.26g, 1.743mmol) in DMF (20ml) was stirred at 

15 RT overnight. A further portion of CS2CO3 (0.20g.0.61mmol) and 
cyclopentyl bromide {0.28g. l.BSmmol) was added, the mixture stirred for 
1.5h then concentrated in vacuo . The residue was subjected to chromato- 
graphy (Si02; EtOAc/CHaOH/EtaN, 100:1:0.4) to afford the title compound 
(0.42g) as a white solid. m.p. 136-1380C (cyclohexane); 5h (CDCI3) 1.5- 

20 2.0 (8H, br m (Chl2)4), 3.84 (3H, s, OMe), 4.65 (1H, br m OCHCH2), 6.7- 
6.9 {6H. m, ArH ortho to OMe+2xAri± msla to OMe+C=CH + pyridine 
i±3,as ). 7.08 (2H, dd. 1 4.5, 1.5 Hz, pyridine pyridine J±3\ ids'). 8.32 (2H. 
dm. J 5.0 Hz pyridine id2, He), and 8.55 (2H, dd, J 4.5. 1.5Hz, pyridine iH2*. 
HeO; CQ/z 372 (M+28%). 305 (37). 304 (100). 303 (95). 275 (18). and 41 

25 (18) 

INTERMEDIATE 9 

1*(3«Cvclopehtvtoxv-4-methoxyphenvn-1>Dhenylethene 

To a cold suspension (0°C) of methyl triphenylphosphonium bromide 
30 {53.6g; O.ISmol) in THF (500ml) under a nitrogen atmosphere was added 
n-BuLi (1.6M in hexanes; 94ml, O.ISmol) dropwise and the reaction 
mixture stirred at 0°C for 1h. A solution of Intermediate 2 (2g.6g. O.lmol) 
in THF (100ml) was added dropwise and the stirred reaction mixture 
allowed to warm to RT over 3h. The mixture was poured into 10% NH4CI 
35 solution {600ml) and extracted with CH2CI2 (2x500ml). The combined 
organic layer was dried (MgS04), filtered and concentrated in vacuo . The 
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residual slurry was triturated witti hot hexane (500ml), the precipitated 
phosphine oxide filtered off and the filtrate evaporated in vacuo to yield the 
title compound (28.85g) as a yellow oil. 5h (CDCI3) 1 .5-2.0 (8H, br m, ' 
{CH2)4). 3.85 (3H. s, OMe). 4,71 (1H. br m, OCJd). 5.38 (2H, dd. i 10.5. 
5 1 .3Hz, C=CH2), 6.75-6.9 (3H. m. Cehb). and 7.3-7.5 (5H. m, Cetis) . 

IIMTERMEDIATE 10 

a) (E) and fZ^ Isomers of 4-[2-<3-Cvclopentvloxy-"4-methoxv 
, Dhenvl>-2>Dhenvlethenvn Phenol 

10 A mixture of Intermediate 9 (2.94g, lOmmol). 4-bromophenol (2.16g, 
12.5mmol), EtaN {2.52g, 25mmol), tri-^htolyl phosphine (0.06g, p,2mmol) 
and palladium acetate (0.022g, O.lmmol) was heated in a bomb at 140^0 
for 16h. Upon cooling, the reaction mixture was diluted with NH4CI (10%; 
50ml) and CH2CI2 (50ml). The organic layer was separated and the 

15 aqueous layer extracted with CH2CI2 (50ml). The combined organic layer 
was dried (MgS04), filtered and concentrated. Purification by column 
chromatography (Si02; hexane/Et20,1:1) yielded the title compound (1:1 
mixture of isomers) (O.Bg) as a yellow foam. 5h (CDCla) 1 .2-1 .9 (8H, br m. 
(Chb)4). 3.81, 3.83 (3H, s, OMe), 4.59. 4.69 (1H. br m, OCH), 5.5, 5.63 

20 (1H. br s. OM), 6.55-7,0 (8H. m, C6Jhl3+C6hl4+C=ChD, and 7.15-7.35 (5H, 
m, Cetis) [N.B. 'Hn.m.r. indicates ca 1:1 E/Z mixture of isomers); m/z (ESI) 
410 (M"*"+1+Na,18%), 409 (M++Na,100) 387 (M^^+l. 62), 319 (38), 318 
(22), 301 (19), 236 (22), and 135 (20). 

25 The following compounds were prepared using a similar procedure: 

b) ' (E^ and IZi isomers of 3-f2-(3-Cvclopentyloxy-4-methoxY 

phenylV2«Dhenvlethenyl] benzoic acid 
From Intermediate 9 (2.94g, lOmmol) and 3-bromobenzoic acid (5.03g, 

30 25mmol). Purification by column chromatography [SiO2;10%, CH3OH/ 
CH2CI2] furnished the title compounds (2g) as a viscous yellow oil. 5h 
(CDCI3) 1.45-2.0 (8H, br m, (CH2)4),^3.86, 3.87 (3H, s. OMe). 4.55, 4.7 
(1H, br m, OCH). 6.65-8.25 (13H, m, C6H5+C6H4+C6i±3+C=Cid), (CO2H 
not observed) [N.B. 'Hn.m.r. indicates ca 1:1 E/Z mixture of isomers]; jb/Z 

35 (ESI) 437 (M++23, 60%), 301 (67), 281 (100), and 259 (52). 
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c) fg) 9n<t (Z) jgonrigrg Of 4-rg-f3-Cy<?lopgntYioxY-4-fngthQxy 
i3henvl)-2-phenvlethenyn anisole 

From Intermediate 9 (1.1 9g, 4.04mmol) and 4-bromoanisole (0.757g, 
4.05mmol). Purification by column chromatography [SiOa; hexane/ElaO, 
5 4:1] furnished the title compounds (0.78g) as a yellow oil. 6h (CDCI3) 1.5- 
2.0 (8H, br m. (Ct!2)4). 3.72, 3.73 (3H, s, OMe), 3.82, 3.86 (3H, s, OMe), 
4.58, 4.67 (1H, br m. OCJl), 6.6-6.9 {6H, m, C6l±3+2xArll fiiltifi to 
OMe+C=Cid), 6.93, 7.00 (2H, d. J 8.5Hz. 2xArH meta to OMe) and 7.15- 
7.35 (5H, m, CeHs) [N.B. 'Hn.m.r. indicates ca 1:1E/Z mixture of isomers]; 
10 m/z (ESI) 424 (M++1+Na, 20%), 423 (M++Na. 100%), 374 (12), 281 (20), 
198 (12). 132 (12) and 86 (12). 

d) (E\ and (Z\ isomers of Methvl 4-r2-f3-Cvelopentvloxv-4- 
methoxvphenvlV.2-phenvlethenynbenzoate 

15 From Intermediate 9 (2.94g, lOmmol) and methyl 4-bromobenzoate 
(2.69g, 12.5mmol) to afford the title comoounds (3.35g) as a yellow gum; 
5h (CDCI3) 1.4-2.0 (8H, br m. {CHzi^). 3.86, 3.87 (6H, s. OMe+COaMe). 
4.54. 4.67 (1H. br m. OCH), 6.6-7.4 (11H, m, C6Jd5+C6M3+C=CH+2xAra 
meta to COaMe), and 7.75-7.85 {2H, m, 2xArH ortho to COaMe) [N.B. 

20 'Hn.m.r. indicates £a 1 :1 E/Z mixture of isomers]: CO/Z (ESI) 429 (M'^+I+Na. 
28%). 362 (18), 361 (28). 330 (70). and 329 (68). 

e) (E) and (Z) isomers of 3-r2-f3-Cvclopentvtoxv-4-methoxv- 
phenyl>-2-Dhenviethenvllpvridine 

25 From Intermediate 9 (I.OOg, 3.4mmol) and 3-bromopyridine (1.28g, 
8.1mmol). Purification by chromatorgaphy (SiOa; EI2O) afforded the tills 
. compound (0.50g) as a pale yellow gum; 5h (CDCI3) 1.45-2.0 (8H, br m, 
(CH2)4). 3.85 (major), 3.87 (minor) (3H, s, OMe), 4.55 (minor), 4.69 
(major) (1H, br m, OCH), 6.65-7.5 (11H, m, CsMs+Cetb+pyridine il4.hi5+ 

30 C=£). and 8.2-8.45 (2H, m. pyridine Halie)- 

irfTERMEDIATE 11 

(E) and (Z) isomers of 4-r2-f3-Cvciopentvloxv-4-methQ xvDhenvn-2- 
Dhenvlethen vll acetoxvbenzene 

35 To a stirred solution of intemiediate 10a (0.2g, 0.52mmol) in CH2CI2 (5ml), 
under a nitrogen atmosphere, was added EtsN (0.1 01 g, 0.14ml, Immol) 
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followed by acetyl chloride (0.0785g, 0-071 ml, 1mmol). The reaction 
mixture was stirred at RT for 4h then poured into saturated NaHCOa 
(10ml). The organic layer was separated and the aqueous layer extracted 
with CH2CI2. The combined organic layer was dried (MgS04). filtered. 
5 and the solvent removed in vacuo to furnish the title compounds (0.222g) 
as a colourless oil. 5h (CDCI3) 1.5-1.9 (8H. br m, (CJd2)4). 2.23, 2.24 (3H. 
s, OCOMe). 3.83, 3.86 (3H, s, OMe), 4.56. 4.67 (1 H, br m. OCiJ), and 6.7- 

7.4 (13H, m. C6il5-»C6H4^<;6H3+C==CH) [N.B. 'Hn.m.r. indicates £a 1:1E/Z 
mixture of isomers]; m/z (ESI) (M++Na, 100% ), 319 (20), 281 (29), 191 

1 0 (48). 127 (50) and 55 (54). 

INTERMEDIATE 12 

(E) and (ZS isomers of Methvl 3-f2 -ra->cvctopentvloxv-4^methoxv 
phenvl>-2-Dhenvlethenvnbenzoate 

15 To a cold (O^C) solution of Intennediate 10b (0.25g, 0.6mmol) in CH3OH 
(20ml) was added SOCI2 (0.357g,0.22mi,3mmol) dropwise and the reaction 
mixture was stirred at RT for 3h. The solvent was evaporated in vacuo, the 
residue dissolved in CH2CI2 (20ml) and washed with saturated NaHCOs 
{20ml). The organic phase was separated and the aqueous phase 

20 extracted with CH2CI2 (20ml). The combined organic layer was dried 
(MgS04), filtered and the solvent evaporated in vacuo to yield the title 
compound (0.215g) as a yellow oil. 5h (CDCI3) 1.4-2.0 (8H/br m, (Cli2)4). 
3.82. 3.83. 3.84, 3.85 (6H, s, OMe + C02Me), 4.54. 4.69 (1H, br m, OCH), 
and 6.65-7.85 (13H. m, C6iH5+C6tl4+C6hl3+C=CH) [N.B. 'Hn.m.r. indicates 

25 ca 1 : 1 E/Z mixture of isomers]; m/z (ESI) 429 ( M-^+1 . 25%), 361 (22), 329 
(100), 159 (12), 102 (15), and 60 (75). 

INTERMEDIATE 13 

Ethyl (E)-f3-CYClQPgntY!QXY-4-mgthQXYP*lgnyl)-g-(4-pyrltfyl) 
30 propenoate 

A mixture of Intermediate 1 (26.62g. 0.12mo!), ethyl-4-pyridylacetate 
(19.92g, 0.12mol, leq) and ammonium acetate (18.63g, 0.24g. 2eq) in 
glacial acetic acid {200ml) was stirred at 120^0 under nitrogen for 20h. 
The solution was cooled to RT and the acid removed in vacuo . The 
35 orangy/brown residue was taken up in saturated NaHCOs solution to pH 

8.5 and the aqueous layer extracted several times with EtOAc. The 
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combined organic layer was washed (brine), dried (MgS04) and 
evaporated to dryness to give a yellow solid. Recrystallisation from 
toluene/hexane (1st crop) then toluene (2nd crop) followed by column 
chromatography (hexane-EtOAc/hexane, 7:3) gave the title compound as a 
5 white crystalline solid, m.p. 109-IIOoC. 5h (CDCI3) 1.27(3H, t, i 7.1Hz. 
CHaCtb). 1.45-1,8 (BH. br m. cyclopentyl H's), 3.81 (3H, s. OMe). 4.16 
(1 H, br m, OCH). 4.25 (2H,q. J 7.1 Hz, CHaCHs), 6.43 (1 H, d J 2.0 Hz, Arfcl 
. ortho to cyclopentyloxy), 6.73 (1H, d, J 8.4 Hz, ArH ortho to OMe), 6.80 
(1H, dd, i 2.0 , 8.4 Hz. ArH para to cyclopentyloxy). 7.22 (2H, dd. J 1.6. 
10 4.5Hz, pyridine Ms, Ms). 7.83 (IH, s, MC = C) and 8.64 (2H. dd, i 1.6. 4.5 
Hz, pyridine hb. Be)- 

INTERMEDIATE 14 

Ethyl 3-(3-CYClopenWloxY-4-mgthpxYPhgnYl)'3-(4"tlM9r9Phgnvl)-g-f4> 
15 pYrWvDprppanoatg 

4-Fluorophenylmagnesium bromide (2M in Et20; 20.4ml, 40.8mmol) was 
added dropwise at -40^0 over 20m in to a suspension of copper (I) 
bromide-dimethyl sulphide complex (4.17g. 20.4mmol) in THF (50ml). The 
reaction mixture was warmed to -lO^C over 15 min and a solution of 

20 Intermediate 13 (5g, 13.6mmol) in THF (25ml) was added dropwise over 15 
min. The reaction mixture was allowed to warm slowly (about 2h) to RT, 
and quenched with saturated aqueous NH4CI (30ml). The organic phase 
was extracted and evaporated. The concentrate was partitioned between 
EtOAc (150ml) and water (50ml) and filtered through Celite®. The organic 

25 extract was washed with 10% NH4OH (2 x 100ml) and brine (100ml), dried 
(MgS04) and evaporated to give a pale yellow gummy solid. Trituration 
with hot EtaO provided a white solid which was filtered off and washed with 
cold EtaO. Purificatiori by column chromatography (SiOa; EtOAc/hexane, 
1:1) furnished the title compound (2.2g) as a single isomer. 5h (CDCI3) 

30 1.05 (3H. t. COCH2CH3), 1.6-2.0 (8H, br m, (Ch2)4), 3.80 (3H, s. OCila). 
4.0 (2H, m, COCId2). 4,30 (IH, d. CMAr), 4.60 (IH. d. CHC02Et). 4.80 (IH. 
m. OGHCH2). 6.75-7.0 (7H. m. Ar). 7.25 (2H. d. Ar). 8.45 (2H, d. Ar). 



35 



INTEPMEDIATE 15 
3.5-Dichioro-4-methvlDvridine 
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3,5-Dichloropyricline (2.04g, 13.5mmol) in THF (5ml) was added dropwise 
to a soiution of LDA [prepared from diisopropylamine (1.9ml, 13.5mmol) 
and n-BuLi (1.6M; 8.4ml. 13.5mmol)] in THF (25ml) at -70OC. After stirring 
at this temperature for 5 min, iodomethane (0.85ml, 13,5 mmol) was 
5 added and the reaction mixture stirred for a further 1.5h at -70^0, 
Saturated NaHCOa (20ml) and CH2CI2 (20mi) were added, the organic 
phase separated, dried (IS/lgS04), and concentrated in vacuo . The residue 
was subjected to chromatography (SiOa; EtaO/hexane. 1:3) to afford the 
title compound M.16g) as a pale yellow solid. 5h (CDCb) 2.46 (3H, s. Me). 
10 and 8.36 (2H, s. pyridine B2, tie). 

INTERMEDIATE 16 

Ethvl 3-f3^CvcioDentvtoxv-4^m6th oxvohQnviV2-ethoxvcarbonvr 
propenoate 

15 A mixture of Intermediate 1 (109.8, 499.1 mmol), diethyl malonate (79.96, 
499.1 mmol), piperidine (2.5ml) and CH3CO2H (12ml) in toluene (700ml) 
was heated to reflux in a Dean-Stark apparatus for 20h. Further portions of 
diethyl malonate (9.6g, 59.9mmol), piperidine (2.5ml), and CH3CO2H 
(12ml) were added and heating continued as before for 15h. The reaction 

20 mixture was concentrated in vacuo to afford the title compound (21 7g) as 
a brown oil. 5h (CDCI3) 1.33 (6H, t. i7.1Hz, 2xC02CH2Me), 1.5-2.05 {8H, 
br m. (CH2)4). 3.88(3H, s. OMe). 4.30 (2H. q. i 7.1Hz, COaCidaMe). 4.36 
(2H, q, 1 7.1Hz, COaCtbMe). 4.73 (1H. br m, OChl). 6.85 (1H, d, J 8.1Hz. 
ArHxyltlfito OMe), 7.0-7.1 (2H, m, 2xArHmsta to OMe). and 7.63 (1H. s. 

25 tlC=CC02Et). 

INTERMEDIATE 17 

Diethyl 2-rf3>CvctQoentvtoxv-4-me thoxvDhenvnDhenvlmethvlDroDan- 
1-3-dioate 

30 Phenylmagnesium bromide (1.0M in THF;340ml. 340mmol, 1.29eq) was 
added over 1 .5h to a solution of Intennediate 16 (95.6g, 264mmol) in THF 
(200mlj at -6OOC and stirred at this temperature for a further 5h. The 
^ reaction mixture was allowed to warm to -20oc, quenched with 10% 
aqueous NH4CI (2d0m,l), then extracted with EtOAc (3x100ml). The 

35 extract was dried (MgS04). concentrated in vacuo , the residual brown oil 
dissolved in EtOH and allowed to crystallise overnight to afford the title 
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compound (74.9g) as a white solid, m.p. 97-980C. 5h (CDCI3) 1.01 (6H, t, 
J 7.1Hz, COaCHaMe). 1.05 (3H, t, J 7.1Hz, COaCHaMe). 1.5-2.0 (8H, br 
m. (Cid2)4). 3.77 (3H, s, OMe), 3.9-4.1 (4H, m, axCOaCt^Me). 4.26 (1H, 
d, J 12.1Hz, CHCHC02Et). 4.67 (1H, d. J 12.1Hz, CHCHCOaEt), 4.71 
5 (1H. br m. OCH), 6.7-6.85 (3H, m, Cetb). and 7.15-7.35 (5H, m, CeHs). 

INTERMEDIATE 18 

3-(3'-CvclODentvloxv-4"methoxvphenylV3"phenyipropanoicacid 

A mechanically stirred solution of Intermediate 17 (70.3g. 0.160mol) in 
16 NaOH solution (8M; 600ml) and dioxane {600ml) was heated to reflux for 
7h. The reaction mixture was cooled, concentrated hydrochloric acid (about 
400ml) added dropwise to pH4 and heating carried overnight to give a 
homogenous solutjon. The dioxane was removed in vacuo and the mixture 
partitioned between CH2CI2 {500ml) and H2O {500ml). The organic layer 
15 was separated and combined with further CH2CI2 extracts (3x1 50ml). The 
extriact was dried (MgS04) and concentrated in vacuo to give the title 
compound (55g) as a yellow solid. 6h (CDCI3) 1.5-2.0 (8H, br m, (CH2)4). 
3.04 {2H, d. J7.9HZ. CHCH2CO2H), 3.80 {3H, s, OMe). 4.45 {1H. t. J 7.9Hz 
CHCH2CO2H). 4.70 (1H, br m, OCH). 6.7-6.8 (3H, m, Cetb). and 7,15- 
20 7.35 {5H, m. CeHs) (N.B. CO2H not observed). 

INTERMEDIATE 19 

3-f3-CvclopentvtGxy-4*methoxvphenvlV3-phenytpropanoyl chloride 

SOCI2 (14.8ml. 24.1 g, 3eq) was added to a solution of Intermediate 18 
25 (23.0g. 67.5mmol) in CH2CI2 (250ml) and then heated to reflux for 6h. 
The reaction mixture was allowed to stir at RT overnight then concentrated 
in vacuo to afford the title compound {23.7g) as a dark brown oil. 5h 
(CDCI3) 1.5-2.0 {8H, br m, (CH2)4). 3.62 (2H, d, i 8.0Hz, CHCH2COCI), 
3.82 (3H^ s, OMe). 4.56 (1H, t, J 8.0Hz, CHCH2COCI). 4.73 (1H, br m, 
30 OCH), 6.7-6.85 (3H, m, Ceiiah and 7,15-7.4 {5H. m, Cetis). 

INTERMEDIATE 20 

5-f3-CvclopentvloxV"4-methoxyphenv0-1«r2-(1.3-dioxolanvn'|-5- 
phenvl-3-pentanone 
35 A solution of the Grignard reagent (1.0M in THF, 29ml, 29.0mmol, 1.2eq) 
[prepared from 2-(2-bromoethyl)-1 ,3-dioxolane {5.25g, 29.0mmol) and 
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magnesium (10.8g, 33mmol)] was added dropwise at -70°C to a solution 
of Intermediate 19 (8.7g, 24,3mmol), in THF (200ml). The reaction 
mixture was stirred at -yO^C for 0.5h, allowed to warm to RT over 1.75h 
then partitioned between Et20 (200ml) and aqueous NaOH (1M; 100ml). 
5 The organic layer was separated and combined with a further Et20 extract 
(150ml). The extract was washed with brine (50ml).dried (MgS04) and 
concentrated in vacuo . Purification by column chromatography (SiOa; 
20% EtOAC/hexane) furnished the title compound (3.95g) as an off-white 
waxy solid, m.p. 60-62OC. 5h (CDCI3) 1.5-2.0 (10H, br m, (CJd2)4 + 
10 CH2CH2CO). 2.46 (2H. t, 1 7.5Hz, CH2CH2CO), 3.13 (2H, d, J. 7.6Hz, 
CHCH2CO), 3.7-4.0 (4H. m, 0(Chl2)20), 3.78 (3H. s. OMe), 4.53 (1H, t. J 
7.6 Hz, CHCH2CO). 4.68 (1H. m, ArOCH), 4.80 (1H, t. i 4.3Hz, OCidO), 
6.65-6.8 (3H, m. Cehb). and 7.1 -7.3 (5H, m, Cdds). 

15 tNTERMEPlATE 21 

6-^3-CvciODenWlo xv-^methoxvDhenvlV4-oxo-6^Dhenvi-1-hexanal 

A solution of Intermediate 20 (800mg) in a mixture of aqueous HCI (2Ml 
5ml) and THF (15ml) was heated at about 45°C for 1.5h. The reaction 
mixture was concentrated to low volume (about 5ml) and partitioned 

20 between EtaO (50ml) and H2O (10ml). The organic layer was separated 
and combined with a further EtaO extract (30ml). The extract was washed 
with saturated NaHCOa (40ml), then brine (10ml), dried (MgS04) and 
concentrated in vacuo . The residual orange oil was subjected to 
chr6matography(Si02; Et20-hexane) to afford the title compound (450mg) 

25 as a pale yellow oil. 6h (CDCI3) 1.5-2.0 (8H, br m. (CihU). 2.6-2.7 (4H. 
m, Cid2Chl2CHO), 3.19 (2H, d. J 7.6Hz, CHCH2CO), 3.79 (3H, s, OMe). 
4.52 (1H. t. J 7.6Hz. CHCH2CO), 4.70 (1H, br m. OCJH). 6.7-6,8 (3H. m, 
ArH ortho to OMe + 2x ArMmslato OMe). 7.1-7.3 (5H, m, CeHs), and 
9.71 (1H, S.CH2CIIO). 

30 

INTERMEDIATE 22 

Ethvl 5-(3-CvcloDentvloxv-4-methoxvDhenvn-3-oxo>5- 
Dhenvlpentanoate 

n-BuLi (1.6M in hexanes; 2g.3ml, 46.9mmol, 4.2eq) was added dropwise 
35 at -50^0 to a solution of potassium ethyl, malonate (2-95g, 22.3mmol. 
2.1 eq) in THF (60ml). The reaction mixture was allowed to warm to -10°C, 
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Stirred for 10 min, then recooled to -es^C and treated dropwise with a 
precooled solution of Intermediate 19 (4.0g, 11.1mmol) in THF (20ml). 
The reaction mixture was stirred at -65^0 for 20 min, then poured into a 
stirred mixture of Et20 (100ml) and aqueous HCI (1M; 150ml). After 0.5h, 
5 the organic phase was separated and combined with further EtaO extracts 
(2x75ml). The extract was dried (MgS04), concentrated in vacuo, and the 
residual oil subjected to chromatography (SiOa; 40% Et20-hexane) to 
afford a colourless oil (3.4g) which crystallised on standing to give the title 
compound as a white solid, m.p. 56-580C (EtOH). 5h (CDCI3) 1.24 (3H, t. 
10 i 7 Hz, C02CH2Me), 1.5-1.9 (8H. br m. (CH2)4). 3.27 (2H; d ^ 7.5Hz, 
CHCtbCO), 3.33 (2H. s, CHaCOaEt), 3.79 (3H. s, OMe), 4.14 (2H, q, J 7 
Hz, C02Ctl2Me)/4.52 (1H, t. i7-5Hz, CHCH2CO), 4.69 (1H. m. OCH), 
6.7^.8 (3H, m, Cehia). and 7,1-7.35 (5H, m, Cdds). 

INTERMEDIATE 23 

(±)4«r2-(3-Hvdroxv-4"methoxvphenvf)-2-Dhenvlethynpyridine 

The compound of Example 3a (430mg) in dioxane/water {20ml: 10ml) 
containing concentrated H2SO4 (10ml) was heated at 90^0 for Ih. The 
reaction mixture was cooled, neutralised with aqueous NaHCOs then 
concentrated in vacuo. The residue was partitioned between EtOAc 
(25ml) and H2O (15ml), and the organic phase separated. The extract 
was washed with brine (25ml), dried (MgS04) and concentrated in vacuo . 
The residue was recrystallised (EtOH) to afford the title compound 
{240mg) as an off-white crystalline solid m.p. 195-197^0 (Found: C, 
78.66; H, 627; N. 4.59. C20H19NO2 requires C. 78.64; H, 6.18; N, 
4.42%); 5h (CDCI3) 3,30 (2H, d, i 8 Hz, CHCida). 3,86 (3H, s, OMe), 4.13 
(1 H. t, J 8Hz, CtiCH2). 5.7 (1 H. br s, OH), 6.63 (1 H. dd. i 8.3Hz, ArH para 
to OH), 6.71 (1H, d. J 8.3Hz, ArH ortho to OMe), 6.80 (1H. d, i 2.2Hz. ArH 
ortho to OH), 6.93 (2H. dd, J 4.5, 1.5Hz, pyridine ids. ids). 7.1-7.3 (5H, m. 
CeHs), and 8,37 (2H, dd, J 4.5 .1 .5Hz, pyridine Jda^ile). 

INTERMEDIATE 24 

r2S\3S*> and f2S*,3R*) E thvl 3>f3-CvctoDentvloxvV4-methoxvDhenvlW 
3-r4-f1.3-dibxolanvnDhenvn>2-f4-p vridvnDroDanoate 

35 2-{4-bromophenyl)-1,3-dioxolane (3.25g, 14.2mml) in THF (10ml) was 
added dropwise tp a stirred suspension of magnesium turnings 
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{358mg,14.8mmol) in THF (5ml) at 40-45°C. The resulting green solution 
was allowed to cool to RT and copper (I) chloride (28mg, 0.28mmol) was 
added. The reaction mixture was cooled to -SO^C, Intermediate 13 (4,34g, 
II.Bmmol) in THF (15ml) added at -250C to -30^0, then stirred for 1h at 
5 -20^C and allowed to warm to RT over 2h. Saturated aqueous NH4CI 
(20ml) was added, THF removed in vacuo and the concentrate partitioned 
between Et20 (50mi) and water (50ml). The prganic layer was separated, 
washed with brine (20ml), dried (MgS04)« and concentrated in vstcuo : The 
residue was subjected to chromatography (Si02; Et20 to Et20-EtOAc, 
10 1:1) to afford 

i) f2S*. 3R*V title compound (1.45g) as a colourless gum; 5h (CDCI3) 
1.02 (3H. t. J 7.1Hz, C02CH2Me). 1.5-2.0 (8H, br m, (CH2)4). 3.70 (3H, s. 
OMe), 3.8-4.2 (6H, complex m, 0(CJt!2)0 + C02CH2Me), 4.35 (1H. d, i 
8.0 Hz, CHCi±C02Et), 4.55 (1H, br m, OChU. 4.60 (1H. d. i 8.0Hz, 

15 CJhlCHC02Et). 5.78 (1H, s, OCHO). 6.5-6.65 (3H, m, Cetb), 7.22 (2H, d, J 
6.0Hz, pyridine ids, ids). 7.35-7.5 (4H, m, C6tl4). and 8.45 (2H, d. i 6.0Hz, 
pyridine id2.1l6) and 

ii) f2S- 3S*-i - title compound fl.45Q) as a white solid; 5h (CDCla) 1.03 
(3H. t, 1 7.1Hz. C02CH2Me). 1.5-2.0 (8H, br m. {CH^a), 3.80 (3H, s. 

20 OMe), 3.9-4.1 (6H. complex m, 0(CJJ2)0 + C02Ch!2Me). 4.36 (1H, d. i- 
8.0 Hz, CHCHC02Et). 4.60 (1H, d, J 8.0Hz, CHCHC02Et). 4.78 (1H, br m, 
OCH). 5.66 (1H, s, OCHO). 6.78 (1H, d, J 8.2Hz, Arfci of CeHa). 6.85-6.95 
(2H. m. 2xArH of CeHa). 7.08 (2H, d. J 6.0Hz, 2xAril of C6hl4), 7,15-7.3 
(4H. m. 2xArH of C6H4+pyridine Ha, Us), and 8.42 (2H, Q^d, J. 6.0Hz, 

25 pyridine H2.H6) ■ 

INTERMEDiATE 25 

(S*.R*^ and fS*.S*^ Ethvl 3-f3-CvclODentvloxv-4-methoxvphenvlV3-f4- 
trifluoromethvlDhenvlV2-f4-DvrldvnDroDanoate 

30 4-Bromo(trifluoromethyl)benzene (3,43ml, 24.5mmol) was added dropwise 
to a suspension of magnesium turnings (614mg,25.3mmol) in Et20 (15mi). 
A crystal of iodine was added and the mixture gently warmed to initiate the 
reaction. The dark brown solution was then added dropwise vis. a syringe 
to a suspension of copper bromide-dimethyl sulphide complex (2.48g, 

35 12.24mmoi) in THF (30ml) at -40oC. The red-brown suspension was 
allowed to warm to -20^0 over 0.5h then re-cooled to -AO^C and treated 
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With a solution of Intermediate 13 (3.00g, 8.16mmol) In THF (ISmI) over 5 
min. The reaction mixture was allowed to warm to RT over 2h, stirred 
overnight at RT, then heated at 40^0 for 3h. The reaction mixture was 
quenched with NH4CI solution (20ml), concentrated in vacuo, and the 
5 residue partitioned between EtOAc (50ml) and water (25ml). The mixture 
was filtered through Celite® and the organic layer was separated, washed 
with aqueous NH4OH (10%; 25ml), and brine (25ml), dried (MgS04). and 
cconcentrated in vacuo to give a red-brown oily residue which was 
subjected to chromatography (SiOa; Et20-hexane) to afford the iitlfi 

10 compound (ca 1:1) (2.05g) as a pale yellow gum; 6h (CDCI3) 1.10-1.15 
(3H, m, C02CH2Me), 1.5-2.0 (8H, br m, (Cii2)4). 3.73, 3.84 (3H. s, OMe). 
3.9-4.15 (2H, m, COaCMaMe), 4.40 (1H, d. J8.0 Hz, CHCHC02Et), 4.58, 
4.80 (1H, br m, OCJl), 4.6-4,75 (1H. m. CHCHC02Et). 6.5-6.7, 6.8-7.05 
(3H, m, CeHa). 7.1-7.7 (6H. m. C6H4+ pyridine hb. Jds). and 8.48 (2H, br 

15 s, pyridine Jd2.1d6). 

INTERMEDIATE 26 

(E> and m Isomers of 4-r2-f4>AminophenvlV2-f3-cvclODentvloxv-4> 
methoxvDhenvitothenvnpvridine 

20 Water (15ml) and trifluoroacetic acid (10ml) were added to Intermediate 13 
(6.1g) in CH2CI2 (15ml) at O^C and the mixture allowed to warm to RT. 
After 6h, the reaction mixture was concentrated in vacuo and the residue 
partitioned between 10% hydrochloric acid (50ml) and EtOAe (50ml), The 
aqueous layer was separated, basified to pH 14 with 20% sodium 

25 hydroxide solution, and extracted with CH2CI2 (3x50ml). The extract was 
dried (MgS04) and concentrated in vacuo to give the crude title compound 
(4.2g). A portion (0.4bg) was subjected to chromatography (Si02); EtOAc) 
to afford the title compound (0.29g); 5h (CDCI3) 1.45-2.0 (8H, br m, 
(Chi2)4). 3.80 (2H, br s, Nida), 3.87. 3.90 (3H. s, OMe), 4.58, 4.70 (1H. br 

30 m, OCH), 6.6-7.2 (10H, C6tl4+ Cejda+pyridine H3. Ms+C^Cid), and 8.3-8,4 
(2H, m. pyridine tb.lde); m/z (ESI) 388 (M++1 , 1 00%). 

■s. 

INTERMEDIATE 27 

f4*Bromophenvpf3-cvclopentvloxv«4"methoxyphenyi)ketone 

35 A solution of Intennediate 4 (8-OOg, 29.5mmol) in THF (50ml) at -70oC was 
treated with n-BuLi (19,4ml, Sl.Ommol. 1.6M solution in hexanes). The 
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Slightly yellow solution was stirred at -70oC for 0.5h then a solution of 4- 
bromobenzaldehyde (5.46g, 29.5mmol) in THF (50ml) was added vm. 
cannula. The reaction was allowed to warm to RT over 2h then quenched 
. with water (25ml) and extracted with Et20 (2x50ml). The extract was dried 
5 (MgS04) and concentrated in vacuo to give a pale yellow oil which was 
dissolved in CH2CI2 (150ml) and treated with manganese dioxide (19.j24g, 
0.22mol). The mixture was stirred vigorously for 20h at RT then filtered 
through Celite® and the residue washed with CH2CI2 (5x50ml). The 
filtrate was concentrated in vacuo to give an off-white solid which was 

10 triturated with hexane to give the title compound (7.50g) as a white solid; 
5h (CDCI3) 1.55-2.05 (8H, m, (CH2)4). 3.92 (3H, s, OMe). 4.83 (1H. m. 
OCM). 6.89 (1 H. d. Ji 8.4Hz, ArH ortho to OMe). 7.33 (1 H, dd. J 8.4. 2.0Hz. 
ArH pgtrq to OMe). 7.42 (1 H, d, ^ 2.0Hz, ArH ortho to cyclopentyioxy). and 
7.55-7.7 (4H, m. C^)\ Vmax. (CDCI3) 2248, 1652, 1590, and 1270 cm-'«: 

15 m/z (ESI) 399 (M+ +2-hNa, 100%). 397 (Mt+Na, 90), 296 (16), and 236 
(10). 

im-ERMEDIATE 28 

a) f and fZl isomers of 4-r 2-/4-BromQDhenvlW2-/3-cvclo. 
20 Dentvtoxv-4-methoxvDhenvnethenvnDvridine 

A solution of the compound of Example Id (7.52g, 16.0mmol) and 
triethylamine (4.05g. 5.60ml, 40.0mmol) in CH2CI2 (100ml) was cooled to 
OOC and trifluoroacetic anhydride (3.70g. 2.50ml. 17.6mmol) was added 
dropwise. The orange-red solution was allowed to warrn to RT over 20h 

25 then water (25ml) was added. The mixture was extracted with CH2CI2 and 
the extract was dried (MgS04), concentrated in vacuo and subjected to 
chromatography to give the title compound (4.73g) as a white amorphous 
powder. (Found: C, 66.66; H. 5.27; N. 2.99. C25H24BrN02 requires C, 
66.67; H. 5.37; N. 3.11%); 5h (CDCI3) 1.45-1.95 (8H, br, m, (CJd2)4). 

30 3.86. 3.88 (3H. s, OMe). 4.55. 4.70 (1H. br m. OCM). 6.6-6.95 (6H. m, 
Ceids, + pyridine hb.ids) + C=CM), 7.06, 7.21 (2H, d, J. 8.4Hz, ArM of 
Cetk). 7.4-7.5 (2H, m, ArH of C^), and 8.36 (2H, ja. d. i 6.0Hz. pyridine 
Ha. Me) CH n.m.r. indicates a 1:1 E/Z mixture); Vmax {CDCI3) 1597. 1514. 
and 1251 cm-i; mJz (ESI) 452 (M+ + 2 + Na. 100%). 450 (M+ +Na. 88). 

35 384 (30) and 382 (28). 
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The following intermediates were prepared in a manner similar to 
Intermediate 28a. 

b) (E) and (Z) isomers of 4-{2-(3-Cyclopentvloxy-4>methoxv- 

5 phenvl>-2-r4-(4,4-dimetfivl-2-oxazolinyl)phenyl]ethenvl>pvridine 
From Intermediate 40 (4.75g, 9.8mmol). trifluoroacetic anhydride (2.47g. 
1.66ml, H.Bmmol) and triethy lamina (0.99g, 1.36ml, ll.Smmol). A portion 
of the residue (lOOmg) was subjected to chromatography (SiOa; EtOAc) to 
give the title compound (68mg) as a yellow foam. 5h (CDCI3) 1.39, 1.41 

10 (6H, s, CMea). 1.5-1.95 (8H, m. (Chb)4). 3.85, 3.88 (3H. s. OMe). 4.11, 
4.14 {2H. s, oxazoline CH2). 4.55. 4.69 (1H. m, OCH). 6.6-6.7 (1H, m. 
ArH), 6.8-6.85 (3H. m, ArH), 6.91 (IH, d. J 6.2Hz, pyridine H3. Jds). 7.23. 
7.38 (2H. d, i 8.2H2, ArH). 7.9-8.0 (2H. m. ArH), and 8.3-8.45 (2H, m, 
pyridine hb. Me); Vmax (CDCI3) 1735, 1646, 1597 and 1318 cm-1; m/Z 

1 5 (ESI) 469 1 00%). 

c) gH-[2-f9"QyciQpentYtoxY'4-mgthQXYPhgnYiWg"turvi) 
gthenyllpyrWipe 

From the compound of Example 34 (I.Og, 2-64mmol) in CH2CI2 (30ml), 
20 triethylamlne (0.4g, p.55ml, 3.96mmol) and trifluoroacetic anhydride 
(0.61 g, 0.41 ml, 2.91 mmol). Work up [includes treatment with 10% NaOH 
solution (25ml)] and chromatography (SiOa; EtOAc^exane, 7:3) afforded 
the title compound (0.78g) as a pale pink solid m.p. 122-123^C; (Found: C. 
76.37; H, 6.46; N, 3.85. C23H43NO3 requires C. 76.43; H, 6.41; N. 
25 3.88%) ;5h (CDCI3) 1.45-1.9 (8H, br m. (Chb)4). 3.90 (3H, s. OMe). 4.65 
(IH, br m, OCJl). 6,07 (IH, d. 3.3Hz, furan tisl 6.41 (IH. dd, J 3.3, 
I.8H2, furan ti4), 6.75-6.9 (5H, m, Cabb + pyridine tb. Us), 7.03 (IH. s. 
C=Ctl). 7.49 (IH, d, J.^1.6Hz, furan Hsh and 8.33 (2H. ca. d, i 4.6H2, 
pyridine H2, Jds); m/Z (ESI) 362 (M+ +1 , 1 00%). 294 (45). 

30 

INTEPMEPIAm ?9 

[4>(4.4-dimethvl-2-oxazolinynDhenvl-3'-cvclopentvloxv-4'- 
methoxvDhenyQketone 

A solution of 2-(4-bromophenyl)-4,4-dimethyloxazoline (A. J. Meyers, D. L. 
35 Temple, D. Haidukewych and E. D. Milhelich J. Org. Chem, 3a, 2787. 
1974) (53.25g. 0.21 mol) in THF (200ml) was added dropwise to 
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magnesium turnings (6.0g, 0.25g atoms). The reaction was stirred for 2h 
at RT, tlien a solution of Intermediate 1 (46.0g, 0.21 mol) in THF (200ml) 
was added dropwise. The reaction was stirred for ISh then heated to 
reflux for 1 h. cooled to RT and quenched with NH4CI solution (200ml). 
5 The layers were separated and the aqueous layer extracted with EtOAc 
(2x250ml). The organic layer was washed with brine (250ml), dried 
(MgS04), then concentrated in vacuo to give an orange oil. The crude oil 
was dissolved in CH2CI2 {350ml) and treated with manganese dioxide 
(137g, 1.58mol) then stirred vigorously for 72h, The mixture was filtered 

10 through Celite® and the residue washed with CH2CI2 (300ml). The filtrate 
was concentrated in vacuo and the residue triturated with Et20 to give the 
title compound (59. 4g) as an off white amorphous powder m.p. ISQOC. 5h 
(CDCI3) 1.41 (6H, s. CMe2), 1.5-2.1 (8H, m, (Chi2)4), 3.92 (3H, s. OMe). 
4,15 (2H. s, oxazoline CH2), 4.84 (1H, m, OCtl). 6.89 (1H. d. J 8.4H2, ArH 

15 prthQ to OMe). 7.35 (1 H. dd, 1 2.0, 8.4 Hz. ArH cas to OMe), 7.43 (1 H. d, 
J 2.0 Hz. ArUiHttlfi to cyclopentyloxy), 7.78 (2H. d, i 8.5Hz, ArH). and 
8.03 (2H. d. d 8.5Hz, ArH); Vmax (CDCl3)1648 and 1271 cm-^; m/z (ESI) 
394(M*^+1. 100%). 

20 INTERMEDIATE 30 

(E) and (Z) isomers of 4-f >1-f3-CvclQDentvioxv-4-methoyyDhenvlW2-f4- 
pvridvnethenvnbenzolc acid hydrochloride 

A solution of intermediate 28b (4.25gm 8.8mmol) in 10% aqueous HCI 
(15ml) was heated to reflux for 20 min. Aqueous NaOH solution (5M: 

25 20ml) and EtOH (15ml) were then added and heating continued for a 
further 2h. The reaction was cooled to RT and acidified to pH 1 with 10% 
aqueous HCI. The mixture was extracted with CHCI3 (10x100ml). the 
organic extract was dried (MgS04) and concentrated in vacuo to give the 
titig compound (2-83g) as a yellow solid; 5h (d4-MeOH) 1.45-1.8 (8H. m, 

30 (CH2)4). 3,86, 3.88 (3H. s, OMe), 4.66, 4.74 (1H, br m. OCH), 6.65-7.65 
(8H. m, C=Ci± + C6Jd3+ pyridine Ida. H5+ ArH meta to CO2H). 8.05, 8.13 
(2H, d, 8H2, ArH ortho to CO2H), and 8.46, 8.55 (2H, d, J ga, GHz, 
pyridine th, Ms) (N.B. GO2H and HCI not observed); Vmax (Nujol) 1710, 
and1633cm-i; m/z; (ESI) 416 (M+ + 1. 100%). 

35 

iNTERMEDIATE 31 
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Ethvl 3-(3-CYclODentvloxv-4-methoxvDhenvtV3-phenvl-2>f4-Dvridvi^ 
propanp^te 

Phenyl magnesium bromide (3M in THF) (2,3ml, 6.8mmol) was added to a 
slurry of copper (I) chloride (54mg. 0-55mmol) in THF (20ml) at -70^0, 
5 The yellow turbid solution was stirred at -78^C for 0.25h, then Intermediate 
13 (I.OOg, 2,7mmol) in THF (10ml) was added via cannula. The reaction 
was stirred for 2h whilst allowing to warm to^ RT. The mixture was 
quenched with saturated NH4CI solution (5ml) and water (20ml) then 
extracted with EtOAc (2x20ml). The extract was dried (MgS04), and 

10 concentrated in vacuo to give a yellow oil which was subjected to 
chromatography (SiOa; EtOAc/hexane, 1:1) to give the title compound 
(0.29g) as a white solid m.p. 165-1660C. (Found: C, 75.48; H. 7.01; 
3.14. C28H31NO4 requires C. 75.76; H, 7.00; N, 3.14%); 5H(CDCb)1^03 
(3H, t. J 7.1 Hz, COCHaMe), 1.5-2.0 (8H, br m. (CJd2)4), 3.80 (3H. s. OMe), 

15 3-9-4.0 (2H, complex m. COCH2CH3), 4.35 (IN, d, 1 12.3Hz. CHCH), 
4.57 (1H, d; J. 12.3Hz, CHCH), 4.78 (1H, m, OCU), 6.75-7.1 (8H. m, 
aromatic Cetls + Cetis), 7.22 (2H. dd, i 4.6. 1.6Hz pyridine H3, Ms), and 
8.41 (2H, dd, J 4.6, 1.6Hz, pyridine tb, tie). Vmax (CDCI3) 1734, 1602, and 
1516 cm-"*; m/Z (ESI) 468 (M+ + Na, 20%). 446 (M++1, 20). 282 (22), 281 

20 (100), and 213 (12). . 

INTERMEDIATE 32 

(E\ and (Zi isomers of -t-Butvl N-M-ri>f3-cvctODentvtoxv-4-methoxv- 
phenvlV2-f4>DvridvltethenvnDhenvl>carbamate 

25 A mixture of diphenyl phosphoryl azide (0.61 g, 0.48ml. 2.2mmol). 
Intermediate 29 (I.OOg, 2.2mmol). triethylamine (0.49, 0.68ml, 4.9mmol) 
and t-butanol (25ml) was heated to reflux for 20h. The mixture was 
concentrated in vactio and the resulting brown oil partitioned between 
CH2CI2 (30ml) and 5% citric acid solution (3pml). The organic layer was 

30 separated, washed with water (20ml), NaHCOs solution (20ml), and brine 
(20ml), then dried (MgS04) and concentrated in vacuo to give a red oil; 
which was subjected to chromatography (SiOa; 5% MeOH/CH2Cl2) to give 
the title compound (0.60g) as a yellow foamy solid. 5h (CDCI3) 1 .52, 1 .54 
(9H, s. CMes). 1.65-1,9 (8H, br m,-(CH2)4). 3.86, 3.89 (3H, s, OMe), 4.56, 

35 4.70 (1 H, m, OCH). 6.6-7.4 (1 1 H. m, ArH + C=GH+NCO), and 8.34 (2H, d. 
J. 5.2Hz, pyridine hb, He). CH n.m.r. indicates ca, 1:1 mixture of isomers); 
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Vmax (CHCI3) 3441, 1730, 1596, 1518 and 1157 cm-"*; mJz (ESI) 487 (M"^ 
+1, 75%). 472 (12). and 431 (100). 

INTERMEDIATE 33 
5 (S*.R*) and rs*,S*^ Ethvl 3-(3-CvclODentvlQxv-4*methoxvDhenvlV2-M- 
pvridvi)-3-(thienvnpropanate 

A solution of 2-bromothiophene (0.49g. 3.0mmol) in Et20 {5ml) was added 
to Mg (O.OSg. 3.3mmol) in EtaO (2ml) at RT. The mixture was stirred at 
RT for 0.3h then heated to reflux for 0.25h before adding a solution of 

10 Intermediate 13 (1-Og, 2.72mmol) in Et20-toluene (2:1; 15ml) dropwise 
over lOmin at RT. The reaction mixture was stirred at RT for IBh then 
quenched with 10% NH4CI solution (60ml) and extracted with EtOAc 
(3x50ml). The extract was washed with brine (80ml), dried (MgS04), and 
concentrated in vacuo . The residual brown oil was subjected to 

15 chromatography (SiOa; EtsO/hexane, 9:1 to EtaO) to afford 
(i) Intermediate 13 (2b5mg) and 

fii> title compound (132mg) after recrystallisation from EtaO-hexane, 1:1) 
as a white solid m.p, 124-1260C: 5h (CDCI3) 0.99 (3H, t, 1 7.1Hz. 
OCH2Me). 1.55-2.0 (8H, br m. (CH2)4). 3.82 (3H, s. OMe). 3.85-4.05 (2H, 

20 m. OCJdaMe), 4.26 (1H. d. J 11.9Hz. CHCHCOaEt), 4.81 (1H. d. J 11.9H2, 
CHCHCOaEt). 4.85 (1 H, br m. OCH). 6.51 (1 H, d, J 3.5H2, thiophene ida). 
6.69 (1H, dd. J 5.1, 3.5H2, thiophene H4), 6.81 (1H, d. J 8.8Hz. ArH ortho 
to OMe), 6.95-7.0 (3H, m, thiophene H5 + 2xArH meta to OMe), 7.30 (2H, 
fia d, ii 4-6HZ, pyridine H3, H5), and 8.48 (2H, ca, d. J 4.6Hz, pyridine il2, 

25 Hb); m/z (ESI) 474 (M+ +Na. 28%), 452 (M++1, 12). 368 (25), 289 (12). 
288 (38), 287 (1 00), and 21 9 (22), 

INTERMEDIATE 34 

a) (E) and fZ) isomers of 2"CvcloDentvtoxv-4-r2-(4-fluoroDhenviV1- 

30 Dhenvlethenvnanisole 

Dimethyl 4-fluorobenzylphosphonate (432mg, 2.0ml) was aded to a 
mixture of sodium hydride (80mg, 2.2mmol) and Intermediate 2 (592mg, 
2.0mmol) in THF (5ml) at O^C. The reaction mixture was stirred overnight 
at RT then quenched with NaHCOs solution (5ml) and extracted with Et20 

35 (25ml). The extract was washed with brine (10ml), dried (MgS04), and 
concentrated in vacuo to afford the title compound (115mg) as a 
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colourless gum; 5h (CDCy 1.5-1.9 (8H, br m. (CH2)4). 3.84, 3.86 (3H, s. 
OMe), 4.56,4.67 (1H, br m, OCH). and 6.65-7.4 (13H, m, Cefcis + C6H4 + 
Ceils + C=C1D; m/z (ESI) 390 (M+ + 2, 23%). 389 (M++1, 92). 253 (37). 
and 235 (100). 

b) (E) and CZ) isomers of 4-r2-(4-chloroDhenvlM-Dhenvlethenvn-2- 

cvclopentvloxvanisole 
From Intermediate 2 and diethyl 4-chlorobenzylphosphonate to afford the 
title compound as a clear oil. 

10 

5h (CDCI3) 1.5-2.0 (8H. br m. (CH2)4), 3.86. 3.89 (3H. s. OMe). 4.57.4,70 
(1H. br m; OGH). and 6.65-7.4 (13H. m. CpH^ + CgH4 + C6H5+ C=CH} 
('Hn.m.r. indicates ca 1:1 E:Z ratio); m/z (ESI) 429 (M"*" + 2 + Na. 15%). 
427 (M^+Na, 45), 387 (30), 386 (100). 301 (25). and 60 (20). 

15 

INTERMEDIATE 35 

3-CvclopentvtoxV"4^methoxvbenzonitrile 

Intermediate 1 (46.5h, 0.21 Imol) and hydroxylamine hydrochloride 
(17.60g, 0.25mol) was stirred in pyridine (250ml) overnight at RT. The 

20 reaction mixture was concentrated in vacuo , the residue dissolved in 
formic acid (100ml) and heated to reflux for 0.75h, The cooled reaction 
mixture was carefully poured into cold 10% NaOH solution, extracted with 
Et20 (1x500ml, 2x100ml), the extract washed with hydrochloric acid (10%. 
2x150ml). sodium hydroxide (10%; 2x150ml), and brine (100ml), then 

25 dried (Na2S04). and concentrated in vacuo . Chromatography (SiQa; 
EtaO/hexane. 1:2) afforded the title comoound (39,55g) as a white solid 
(Found: C. 71.85; H. 7.02; N. 6.42. C13H15NO2 requires C. 71.87; H. 
6.96; N. 6.45%); 5h (CDCI3) 1.5-2.1 (8H, br m. {CHzU), 3.85 (3H, s. 
OMe). 4.73 (1 H. br m, OCfclCHa), 6.83 (1 H, d, J 8.4Hz. ArH ortho to OMe). 

30 7.03 (1H, d. J 1.6Hz, ArH ortho to cyclopentyloxy) and 7.19 (1H, dd. J 8.4, 
1.6Hz. ArH oara to cyclopentyloxy); rn/z 217 (M."*". 14%), 150 (60), 149 
(100). 134 (86), 106 (24). 77 (11). 69 (28), and 41 (69). 

INTERMEDIATE 36 
35 f3-CvcloDentvloxv-4-methoxvhenynf3-methoxYPhenvnketone 
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Q-BuLi (1.6M solution in hexanes; 6.7ml, 10.7mmol) was added dropwise 
to Intermediate 4 (2.71 g, TOmmol) in THF (50ml) at -700C. After 0.5h, 3- 
methylbenzonitrile (1.17g, lOmmol) in THF (25ml) was added dropwise 
and the mixture allowed to warm to RT. The reaction mixture was poured 
5 into saturated NaHCOa solution (25ml) extracted with CH2CI2 (2x25ml), 
the extract dried (Na2S04). concentrated in vacuo and the residue 
dissolved in dioxane (30ml) and 10% hydrochloric acid (20ml) then heated 
to reflux for 3h. The cooled reaction mixture was poured into brine (25ml) 
and extracted with CH2CI2 (2x 25ml). The extract was. dried (Na2S04), 

10 concentrated in vacuo, and the residue subjected to chromatography 
(Si02; Et20/hexane. 1:1) to afford the title compound (2.47g); 5h (80MHz; 
CDCI3) 1.45-2.05 (8H, br m. (€112)4). 2.42 (3H, s. ArMe), 3.70 (3H. s, 
OMe), 4.83 (1H, br m, OCH), 6.89 (1H. d, J 8.3Hz, ArH ortho to OMe), 7.3- 
7.4 (2H. m, ArH meta and oara to C=0 ofCeHa), 7.37 (1H, dd. J. 8.3. 

15 2.0Hz, ArH oara to OMe), 7.45 (1H, d, A. 2.0Hz. ArH ortho to 
cyclopentyloxy), and 7.5-7.6 (2H, m, ArH ortho to C=0 of C6H4). 

INTERMEDIATE 37 

M-fEVf4SV3-r3-f3-CvcloDentviox v-4-»methoxvDhenvhDroDenovn-4^ 

20 Dhenvt-2-oxazolone 

A mixture of Intermediate 1 (lO.Og, 45.4mmol) and malonic acid (9.45g. 
90.8mmol, 2equiv) in pyridine (20ml) was stirred at 50^C until a clear 
solution was obtained. Piperidine (0.68ml) was added and the mixture 
gradually heated to SO^C over 0.5h (GO2 evolution commences) then at 

25 80^C over 1.5h and finally heated to reflux for 0.75h. The cooled 

reaction mixture was poured into cold water (250ml) and acidified, with 
stirring and cooling, with concentrated HCi (30ml). The precipitate was 
collected by filtration, washed with water (6xlbml), and dried in vacuo to 
afford (E)-3-(3-cyclopentyloxy-4-methoxyphenyl)propenoic acid (11. 3g) as 

30 a white solid; 5h (CDCI3) 1.6-2.1 (8H. br m. {CH2U). 3.88 (3H, s, OMe). 
4.80 (1H. br m, OCH). 6.30 (1H, d. J 15.9Hz. HC=CHC02H). 6.87 (1H. d. 
J 8.5Hz, ArH ortho to OMe), 7.05-7.2 (2H. m. 2xArH meta to OMe), and 
7.72 (1 H. d. i 1 5.9Hz, HC=CHC02H) (N.B. CO2H not observed). 

35 A mixture of the acid (8.03g, 30.6mmol) in thionyl chloride (10.9g, 6.7ml, 
91.9mmol, 3.0equiv) and CH2CI2 (30ml) was heated to reflux for 1h. The 
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reaction mixture was concentrated in vacuo and the residue diluted with 
toluene (30ml) and concentrated in vacuo again to afford (Ei-3-(3- 
cyclopentyloxy-4-methoxypiienyl)propenoyl chloride (8.6g) as a dark 
crystalline solid; 6h (CDCI3) 1.5-2.1 (8H, br m. (CH2)4). 3.90 (3H, s, OMe). 
5 4.81 (1H. br m, OCH), 6.47 (1H. d. J 15.4Hz, ldC=CHCOCI), 6.88 (1H, d. J 
8.5Hz, ArH ortho to OMe), 7.06 (1H, d, J. 2.OH2, ArJ± ortho to 
cyclopentyloxy), 7.14 (1H, dd, J 8.5, 2.0Hz, ArH. caca to cyclopentyloxy), 
and 7.76 (1 H. d. J 15.4H2. HC=ChiCOCI). 

10 n-Butyllithium {1.6M solution in hexanes; 17.4ml, 27.8mmoi) was added 
dropwise to a stirred soution of 4S-phenyloxazolidin-2-one (4.54g. 
27.8mmol) in THF (140ml) at -70^0. After 0.25h at -70oC, a cold solution 
of the acid chloride (8.60g. 3.06mmol, l.lequiv) In THF (40ml) was added 
to the resulting white slurry. The reaction mixture was stirred at -70oC for 

15 0.5h then at O^C for 1,5h. Saturated NaHCOs solution (100ml) and water 
(50ml) was added and the mixture extracted with EtOAc (100ml, 2x75ml). 
The extract was washed with saturated NaHCOa solution (50ml), brine 
(50ml), then dried (Na2S04). and concentrated in vacuo . The residual 
solid (11. 9g) was triturated with hot diisopropyl ether (lOOmi), cooled, and 

20 filtered to afford the title compound (10.9g) as white needles m.p. 107- 
1090c (from EtOAc/hexahe. 1:1) (Found: C. 70.71; H. 6.09; N. 3.41. 
C24H25NO5 requires C, 70-75; H, 6.19; N, 3.44%); 5h (CDCIa) 1-5-2.0 
(8H, br m, (CH2)4). 3.86 (3H, s, OMe), 4.29 (1H, dd, i 8.7, 3.8Hz, OCHH*). 
4.71 (1H, apparent t. J 8.7Hz. OCHH'). 4.81 (1H, m. ArOCH). 5.55 (IN, 

25 dd, i 8.7, 3.8Hz, CHN), 6.84 (1H. d, i 8Hz, ArfcL ortho to OMe), 7.1-7.5 
(2H, m, ArH meta to OMe), 7.25-7.45 (5H. m, Cshls). 7.70 (1H. d, J. 
15.6Hz, aC=:GH), and 7.80 (1H, d, J. 15.6Hz, HC=C1± ta]22 = -42° 
(0.150g/100mlEtOH). 

30 INTEBMEDiATE 38 

3"(3-CvcloDentvtoxv-4-methoxvphenvl>-3-phenyl"1-propanol 
To a stirred solution of Intermediate 18 (9-Og, 2.65mmol) in THF (30ml) 
cooled to O^C was added borane-THF complex (1.0M in THF; 3.41g, 
162ml) and the reaction temperature kept below 20^0 for 3h. The reaction 

35 mixture was warmed to RT. water (60ml) was added carefully, then 10% 
aqueous NaOH (100ml) and the stirring maintained for 0.5h. Et20 (50ml) 
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was added, the organic layer separated, washed with water (1x30ml) and 
brine (1x30ml) then dried (Na2S04). Concentration in vacuo afforded the 
title compound (9. 1 Bg) as a pale yellow oil 

5 INTERMEDIATE 39 

3-f3"CvcloDentvloxv-4-methoxyphenylV3-phenvM-proDanal 
To Intermediate 38 (0.1 OOg, 0.31 mmol) in CH2CI2 (lOmi) was added 4A 
molecular sieves (1 spatula) and the mixture degassed before adding 
pyi'idinium chlorochromate (0.099g, 0.47mmol). Stirring was maintained 
10 for 4h at RT and the mixture cooled to O^C before adding EtaO (30ml). 
Filtration through a pad of florisil followed by concentration in vacuo 
afforded the title compound (0,98g) as a brown oil. 

15 EXAMPl.^ 1 

a) feV4-r2-f3-CvcioDentvioxv-4-methoxvphenvlV2-hvdroxy-2- 
phenvfethvn pyridine 

Q-Buli (1.4M in hexanes; 2.7ml, 3.7mmol) was added dropwise at -70^C to 
a solution of 4-methy [pyridine (0.35g. 3.72mmol) in THF (20ml). After 

20 0.5h, a solution of Intermediate 2 (I.OOg, 3.38mmol) in THF (4ml) was 
added over 5 min at -70OC, the mixture stirred for 1h at this temperature 
then allowed to warm to RT over 2h. The reaction mixture was partitioned 
between EtaO (50ml) and water (50ml) and the organic layer was 
separated. The aqueous layer was further extracted with Et20 (2x40ml) 

25 and the combined organic extract was dried (MgS04) and concentrated in 
vacuo. The residue was subjected to chromatography (Si02; EtOAc- 
hexane) to afford, first. Intermediate 2 (300mg) then the title compound 
(738mg) as a white solid, m.p. 148-1 49^0 (toluene-hexane) (Found : C, 
77.32; H, 7,04; N, 3.50. C25H27O3 requires C, 77,09; H, 6.99; N, 3.60%); 

30 5h (CDCI3) 1 .4-1 .9 (8H, br, m, (Chl2)4). 2.3 (1 H. v.br.s, OH exchanges with 
D2O). 3.51 (2H, s, Chi2 pyridine), 3.78 (3H, s, OMe). 4.60 (1H, br. m, 
OCHCH2). 6.65-6.9 (5H, m) and 7.15-7.4 (5H, m) (ArH ortho to OMe + 
2xArH meta to OMe + C6ld5+ pyridine^tb. H5), and 8.22 (2H. dm, J 4.5H2. 
pyridine H2. ide); m/Z 389 (M+ 3%). 298 (15). 297 (69), 229 (27), 228 (37), 

35 151 (43), 105 (100), 93 (52). 77 (24). and 41 (14). 
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The following compounds were prepared In a manner similar to the 
compound of Example la. 

b) f±>-2-r2-f3-CvclODentvlo xv-4-methoxvphenvl\ -2-hvdroxv-2- 
5 phenylethvl] pyrazine 

From 2-methylpyra2ine (1.0ml, llOmmol) and Intermediate 2 (3.24g, 
n.Ommol). Trituration with EtgO gave the title compound (0.885g) as a 
white solid. 5h (CDCI3) 1.4.5-1.9 (8H, br, m, (Chi2)4), 3.73 (2H. s. CH2 
pyrazine), 3.80 (3H. s. OMe). 4.68 (1H. br. m. OCH). 6.22 (1H, br s. OH). 
1 0 6.73 (1 H, d, J 8.4 Hz. ArH ortho to OMe), 6.89 (1 H. dd. J 8.4. 2.0Hz. ArJd 
para to cyclopentyloxy), 7.0 (1H. d, J. 2.0Hz, ArH ortho to cyclopent^oxy, 
7.1-7.5 (5H, m, Cehis). and 8.37 (3H. s. pyrazine hb. Ids tie)- 

C) teV4-r2-r3-CvcloDentvloxv-4-me thoxvDhenvl>-2-hvdroxv- 

15 Dhenvtethvn-3.S-dichl oroDvridine 

From Intermediate 15 (2.0g, 12.3mmol) and intermediate 2 (3.65g, 
12.3mmol). Purification by column chromatography (SiO2;0-2% MeOH/ 
CH2CI2) afforded the title compound (1.74g) as a white solid, m.p. 129- 
130OC. 5h (CDCI3) 1.5-1.9 (8H, br. m. (Chi2)4). 2.65 (1H, br s, Oldi, 3.85 

20 (3H. s. OMe). 3.92 (1H. d, i MHz, CHaHb pyridine), 3.98 (1H, d, J 14 Hz, 
CHaHb pyridine), 4.57 (1H, br. m, OCH). 6.7-6.9 (3H. m, ArM ortho + 2x 
ArH meta to OMe). 7.2-7.4 (5H, m. CeUs). and 8.36 (2H. s, pyridine Ha. 
He). 

25 d) 4-r2-f4-BromophenvlV2-(3-cvcloDentvloxv-4-methoxvphenviV2- 
hvdroxvethvllpvridine 

From 4-picoline (2.0ml. 1.90g, 20.4mmol) and Intermediate 26 (7.30g, 
19.5mmol). Purification by column chromatography (SiOa; gradient elution 
50-75%, EtOAc/hexane) gave the title compound (7.77g) as a pale yellow 

30 foamy solid. Found: C, 63.82; H, 5.58; N, 2.96. C25H26BrN03 requires 
C, 64.11; H, 5.60; N. 2.99%. 6h (CDCI3) 1.5-1.9 (8H. br, m, {CUziA). 2.7 
(1H, br s. OH). 3.46 (1H, d. J 13.1 Hz, CHaHb pyridine), 3.54 (1H, d. J 13.1 
Hz, CHaHb pyridine), 3.82 (3H, s. OMe), 4.64 (1 H. br m, OCH), 6.75-6.9 
(5H, m, Ceth + pyridine H3. Hs). 7.21 (2H, £^6, J. 8.7Hz, ArH of C6H4), 

35 and 8.29 (2H, sa. d, i 6.0Hz, pyridine Ha. He): Vmax. (CDCI3) 3604, 1605, 
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1513. and 1256 cm-"*; m/z (ESI) 470 {M^ +2. 20%). 468 (M"*-. 18). 377 
(52), 375 (55). 95 (13), and 94 (100). 

INTERMEDIATE 40 
5 (±M"l2«(3-CvclODentvloxv-4>methoxvphenvn->2-r4-f4,4-dimethvl«2- 
oxazolinvt>phenvn-2-hvdroxvethvllPvridine 

From 4-methylpyridine (1.45g, 1.52ml), 15.6mmol) and Intemnediate 29 
(5.82g, 14.9mmol). Trituration with EtgO gave the title comound (6.61 g) 
as an off-white solid. 5h (CDCI3) 

10 1.37 (6H, s. CMe), 1.55-1.8 (8H, m. (CH2)4), 2.7 (1H. br s. OlJl 3.56 (2H. 
br s, CH2 pyridine). 3.82 (3H, s. OMe), 4.10 (2H. s. oxazoline CU2). 4.63 
(1H. m. OCii), 6.75-6.9 (5H, m, ArH). 7.37 (2H. d, J 8.6H2. pyridine H3, 
H5), 7.85 (2H. d, J 7.3H2 ArH. ortho to oxazoline) and 8.29 (2H. br s. 
pyridine hb, He); Vmax. (CDCI3) 3603. 1649, 1512. and 1257 cm'^; m/z 

15 (ESI) 487 (M"*" +1 . 100%), and 394 (61). 

EXAMPLE 2 

a) <±V^ri-^3-CvcloDentvloxV'4-methoxvphenvlV1-hvdroxv-2-f4- 
pvridvDethvllpvridine 

20 n-BuLi (1.45M in hexanes; 5.1ml.7.41mmol) was added dropwise at -70^0 
to a solution of 4-methyipyridine (0.69g. 7.41mmoi) in THF (20ml). After 
0-5h a solution of Intermediate 5 (2.0g, 6.73mmol) in THF (10ml) was 
added dropwise over 5 mini The reaction mixture was stirred for 0.5h at 
-70OC then at RT for 0.5h. Water (50ml) was added and the mixture 

25 extracted with EtOAc (3x60ml). The extract was washed with brine 
(80ml), dried (MgS04), and concentrated in vacuo. The residue was 
subjected to chromatography (SiOa; EtOAc to EtOAc/CHaOH. 9:1) to 
afford the title compound (2.33g) as a white amorphous solid m.p. 99- 
IO3OC; 5h (CDCI3) 1.5-2.0 (9H, br, m, (Ctb)4 + OH), 3.49 (2H, d. A 2.3 Hz. 

30 CH2 COH), 4.65 (1 H, br m. OCHCH2), 6.7-6.9 (5H, m, ArH ortho to 6Me+ 
2xArH meta to OMe + pyridine H3. H5). 7.20 (2H, dd, A 4.6. 1.6 Hz. 
pyridine H5). 8,22 (2H. dd. J 4.6. 1.6 Hz. pyridine H^, Hg). and 8.40 
(2H, dd. J 4.6, .1.6 Hz. pyridine H2. ile); m/z 390 (M+ 3%). 298 (21). 297 
(14). 230 (21), 229 (91). 151 (100). 106 (22), 93 (27). 78 (12). and 41 (23). 

35 
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The following compounds were prepared in a manner similar to the 
compound of Example 2a- 

b) (+^-4-r2-f3>CvcloDentvtoxv-4-methoxvphenvlV2-hvdroxv>2-f3- 
5 methoxvphenyl)ethyl]pyridine 

From Intermediate 5d (1.95g, B.Ommol) and 4-methypyridine (0.58ml. 
e.Ommol). Chromatography (Si20; EtOAc) afforded the title compound as 
a yellow oil (2.16g). 5h (CDCI3) 1.45-1.9 (8H, br, m, (CJd2)4). 2.4 (1H. br s, 
OH), 3.53 (2H, s, CH2 pyridine). 3.74 (3H. s, OMe). 3.82 (3H, s, OMe), 
10 4.64 (1H, br m, OChl), 6.7-7.0 (8H, m. Cetia + pyridine Jda, Ms + 3xArH of 
C6H4), 7.22(1H.£a.t.i£a.7.6Hz, AitlofCeHA). and8,31 (2H, dd, i4.4, 
1.6 Hz, pyridine IJ2. Me). 

c) (±)-4-r2-(3-Cvclopentvioxv-4-methoxyphenyl)-2(hydroxy-2-<2- 
15 methoxvphenvitethyilpvridine 

From Intermediate 2c (2.44g, 7,5mmol) and 4-methylpyridine (0.78ml, 
8.0mmol). Chromatography (SiOa: EtOAc) afforded the title compound 
(2.5g). 

20 d) f±>-4-r2-(3-Cvctopentvioxv>4-meth oxvphenvi)>2-rhvdrQxv-2>f4- 
methylphenvl)ethynpvridine 
From Intermediate 5b (1.4lg, 4.54mmol) and 4-methylpyridine {0.49ml, 
5.0mmol). Chromatography (Si02; Et20) afforded the title compound as a 
gum (1.45g); 5h (CDCI3) 1.5-1.9 (8H, br. m, (Cil2)4). 2.25 (1H, br s, OH). 

25 2.33 (3H. S, ArMe). 3.53 (2H, s, CH2 pyridine). 3.81 (3H, s. OMe), 4.63 
(1H, br m, OCH), 6.7-6.85 (5H, m, Cetb + pyridine tb, tis), 7.1 1 (2H. d. J 
8.1Hz, ArH of C6H4), 7,24 (2H. d, J 8.1Hz, ArH of C6H4). and 8.32 (2H, 
sa» d, i 4.6 Hz, pyridine ida, tie). 

30 e) <±>-4-f2-(3-Cvclopentvtoxv-4-methoxvphenvn«2-hydroxy-<4» 
methoxyphenvl)ethyllpyridlne 

From Intermediate 5c (2.46, 7.55mmol) and 4-methylpyridine (0.81ml, 
8.3mmol). Chromatography (SiOa; EtOAc) afforded the title compound as 
a gum (2.21 g). 
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f) (±M-f2"(3«Cvciopentvioxv-4-methoxvphenylV2-hvdroxv-2-(3- 

methvlphenvnethvllpyridine 
From Intermediate 2f {2.12g, 6.85mmol) and 4-methylpyridine (0.68ml. 
y.Ommol). Chromatography (Si02; EtaO) afforded the title compound 
5 (2.08g) gum; 5h {CDCI3) 1.5-1.9 (8H, br, m, (CH2)4). 2.31 (3H. ArMe), 
3.53 (2H. s, CH2 pyridine), 3.82 (3H. s, OMe). 4,64 (1 H, br m, OCH), 6.75- 
6.9 {5H. m, C6H3 + pyridine ids, Ms). 7.0-7.25 (4H, m, C6H4), and (2H, dd. 
J 4.5, 1.6Hz, pyridine Ha. tLs). (N.B . OH no observed). 

10 EXAMPLE 3 

a) (±M-f2>(3"Cvclopentvtoxv-4-methoxyphenylV2-phenvlethyll 
pyridine 

Intermediate 7a (3.0g. 8.09mmol) in THF (50ml) was treated with 10% 
Pd/C (about 500mg) and hydrogenated over 38h at RT. The reaction 

1 5 mixture was filtered through Celite® and the filtrate concentrated in vacuo. 
The residue was subjected to chromatography (SiOa; EtOAc/hexane 1:1) 
to afford the title compound (1.87g) as a clear oil which slowly crystallised 
on standing (Found : C, 79.87; H, 7.26; N, 3.69. C25H27NO2 requires C, 
80.40; H. 7.29; N, 3.75%); 5h (CDCI3) 1.5-2.1 (8H, br. m, (0^2)4). 3.27 

20 (2H, d, A 8.OH2, CH2 pyridine), 3.75 (3H. s. OMe), 4.12 (1H, t. d 8.0 Hz. 
PhCUCJHa), 4.61 (1H. br m. OCHCH2). 6.5-6.7 (3H, m. ArH ortho to OMe + 
2xArH meta to OMe). 6.87 (2H. dm, i 4.5H2, pyridine Jda, Jds), 7.05-7.2 
(5H, m. C6H5) and 8.32 (2H. dm, J 4.5H2, pyridine Jdb, ids); m/z 373 (M+ 
7%), 281 (38), 214 (16), 213 (100). 181 (10). and 152 (11), 

25 Treatment of the free base (1-08g, 2.90mmol) in EtaO (10ml) with ethereal 
HCI gave, after decantation, the title compound hydrochloride (1.1 82g) as 
a white solid. 5h (CDCI3) 1.5-1.7 (2H, br s. cyclopentyl H), 1.75-1.95 (6H. 
br s. cyclopentyl H). 3.58 (2H, d, 1 7.8Hz, CH2 pyridine), 3.80 (3H. s. 
OMe). 4.18 (1H, t. J7.8 Hz. CHCH2 pyridine), 4.67 (1H. br m, OCH). 6.67 

30 (2H, br m, ArH), 6.76 (1H, m, ArH), 7.1-7.35 (5H. m, Gelds). 7.45 (2H, d, i 
6.5 Hz, pyridine tb. Ids) and 8,50 {2H, d, d 6.5 Hz, pyridine Ida. Jde). 

The following compounds were prepared in a similar manner to the 
compound of Example 3a. 

35 

b) (±)-4-f2-(3-Cvclopentvloxv-4-methoxyphenvn-2-phenyiethyl] 
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Phenol 

From Intermediate 10a (0.46g, 1.19mmol) in CH3OH (40mi). Removal of 
the solvent in vacuo gave the title compound (0.45g) as a yellow oil; 5h 
(CDCI3) 1.4-1.9 (8H, br. m. (CH2)4). 3.20-3.23 (2H, m. PhCHChb), 3.70 
5 (3H. s. OMe). 4.07 (IH. t, i 8.0 Hz, PhCHCtb). 4.64 (1H, br m, OCH), 
5.88 (IH. br s. OH), 6.59 (2H, ca d. J 8.6 Hz. ArH ortho to OH), 6.65-6.75 
(3H. m. Cetia), 6.81 (2H, ca d. J 8.6Hz, ArH meta to OH), and 7.1-7.25 
(5H. m, Gehis); m/Z (ESI) 41 1 (M+ + Na, 100%), 215 (15). and 197 (50). 

10 c) (±)-4-f2-(3-CYclopentvloxv-4-methoxyphenvl)-2-phenvlethyn 
anisole 

. From Intermediate 10c (0.47g, 1.18mmol) in CHaOH/dioxane (1:1, 50ml). 
Removal of the solvent /n vacuo gave the title compound (0.45g) as a 
colourless oil; 5h (CDCI3) 1.5-1.9 (8H, br, m, (CH2)4). 3.24 (2H, ^ d, i ca 
15 8.0Hz. PhCHChb). 3.68 (3H, s, OMe). 3.74 (3H, s. OMe).4.09 (IH. t. J 8.0 
Hz. PhCHCH2). 4.63 (I H, br m, OCil), 6.65-6.75 (5H, m, Ceids* 2xAril 
ortho to OMe), 6.89 (2H, £a d, J. 8.5Hz,2xArHinfila to OMe), and 7.1-7.25 
(5H, m, Cehls): m/z (ESI) 426 (M+ + 1+Na, 25%), 425 (M+ +Na, 100), 279 
(24). 236 (48), 21 1 (30), 183 (25), 151 (36). 119 (48). 87 (78). and 65 (25). 

20 

d) f+V.4-r2-f3-CvcloDentvtoxv-4-met hoxvphenylV2-Dhenvtethvn 
acetoxybertzene 

From Intermediate 11 (0.14g, 0.33mmol) In CHsOH/dioxane (1:1, 40ml). 
Removal of the solvent in vacuo gave the title compound (0.1 3g ) as a 
25 colourless oil; 8h (CDCI3) 1.5-1.9 (8H, br, m, (Ctb)4), 2.24 (3H, s, 
COMe), 3.30 (2H, d, A 7.7Hz. PhCHCJds). 3.78 (3H, s, OMe). 4.1 1(1 H, t, J 
7.7 Hz, PhCHCHa). 4.65 (IH, br m, OCM), 6.65-6.8 (3H, m, CeUa). 6.88 
(2H, d, J 8.5Hz. 2xArH of Cetk), 6.98 (2H, d. J 8.5Hz, 2xArtl of C6H4). and 
7.1-7.3 (5H, m, CeHs); m/Z (ESI) 453 (M*" + Na, 100%). 

30 

e) ttV-2-r2-f3-CvcioDentvloxv-4-methQxvDhenviV 2-Dhenylethvl1 
pyrgzjpe 

From Intermediate 7b (520mg) in THF/EtOH (12ml. 1:5). Purification by 
column chromatography (Si02: Et20) gave the title compound (1 14mg) as 
35 a white solid, m.p. 71.5-720C. 5h (CDCI3) 1.4-1.9 (8H, br. m. (Chb)4). 
3.50 (2H. d. i 8.0 Hz, CJd2CH), 3.78 (3H, s, OMe), 4.51 (IH, t, i 8.0Hz, 
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CJHCH2). 4.66 (1H. br m. OCH), 6.7-6.75 (3H. m. ArH ortho to OMe + 
2xAri±xi!Sta to OMe ), 7.15-7.3 {5H, m. CetLs). 8.17 (1H. d. d 1.5H2. 
pyrazine tb). SiSI (1H, d. i 2.5Hz. pyrazine Jds). and 8.47 (1H. m. 
pyrazine tls)- 

5 

0 (±)-3-r2-r3-CvcloDentvlr>xv-4-meth oxvDhenvlV2-Dhenvlethvl>2- 
methoxvDvrazine 

From Intermediate 7c (2.67g. 6.6mmol) in THF/EtOH (21ml. 1:20). 
Purification by column chromatography (Si02: CH2CI2) furnished the iiUs 
10 CQmpoMpd (2.55g) as a colourless oil; Sh (CDCI3) 1.5-1.9 (8H, br m 
(CH2)4). 3.42-3.60 (2H, m. CHCH2). 3.77 (3H, s. OMe), 3.89 (3H. s. OMe), 
4.67 (1H. t. d 8.0 Hz, CidCH2). 4.67 (1H. br m. OCH), 6.7-6.8 (3H. m. Ar]d 
ontie) to OMe + 2 X ArH meta to OMe). 7.1-7.3 (5H, m, Cehls), 7.85 (1H, d, 
J 2.8Hz, pyrazine M), and 7.96 (1 H. d. J 2.8Hz. pyrazine Jd). 

15 

g) f±) Methvl 4-r2-fa-CvetoDeritvloxv- 4-methoxvDhenvn-2-phenvl 
ethvllbenzoatft 

From Intermediate 10 d (3.00g, 7.0mmol) in CHaOHmiF (1:1, 100ml) to 

afford the title comnonnri (2.87g) as a colourless gum; 5h (CDCI3) 1 .5-1 .9 
20 (BH, br m (CH2)4). 3.34-3.37 (2H, m. PhCHCHa), 3.78 {3H. s, OMe), 3.87 

(3H. s, OMe). 4.15 (1H. t. i 8.0 Hz, PhCllCH2), 4.63 (1H, br m. OCH). 

6.65 (1H, dd, J. 7.8, 2.0Hz, ArhL iiaca to cyclopentyloxy), 6.69 (1H, d. J. 

2.0Hz, ArtiflEltiQ to cyclopentyloxy), 6.73 (1H. d, J 7.8Hz. ArH ortho to 

OMe), 7.05 (2H, ca. d, i 8.5Hz, 2xArJlmfita to C02Me), 7.15-7.3 (5H. m, 
25 CeHs), and 7.83 (2H, 03.. d. J 8.5Hz 2xAr]l ortho to C02Me); m/Z (ESI) 

454 (M++1+Na. 40%). 453 (M++Na,100). 301 (12), 239 (10). and 213 (17). 

h) (±) Methvl 3-r2-/3-Cyc looentvloxv-4-methoxvDhenvlV.2- 
Dhenviethvnbenzoate 

30 From Intemiediate- 12 (140mg, 0.33mmol) in CH3OH/THF (1:1. 20ml) to 
afford the title nompnnn^ (137mg) as a colourless gum. 5h (CDCI3) 1.5- 
1.9 (8H. br m (Cid2)4). 3.34-3.37 (2H, m. PhCHCH2), 3.78 (3H. s. OMe). 
3.88 (3H, s. OMe), 4.17 (1H, t.^i 8.0 Hz, PhCilCH2). 4.64 (1H, br m. 
OCH). 6.65-6.75 (3H, m. Ceida). 7.1-7.3 (7H, m. C6H5+2xArE mMa and 

35 QMS. to COaMe). and 7.75-7.85 (2H. m. 2xArH ortho to C02Me); m/z (ESI) 
453 (M++Na. 100%). 
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i) (±) -3-f2-f3-Cvctopentvloxv«4^methoxyphenvlV2-phenvtethyl'| 
pyridazine 

From Intermediate 7e (1.87g). Purification by cliromatography (Si02; 
5 Et20-EtOAc) afforded the title compound (0.91 g) as a pale yellow oil; 5h 
(CDCI3) 1.5-1.9 (8H, br m, (CH2)4). 3-6-3.7 (2H. m, CHCH2), 3 80 (3H, s. 
OMe), 4,55 (1H, t, d 8.OH2. CaCHzh 4.65 (1H. br m. OCH), 6.7-6.8 (3H, 
m, Ceida), 6.93 (1H, dd, i 8.5, Q.8Hz, pyridazine H4), 7.1-7.3 (6H. m, 
C6tl5+. pyridazine his), and 8.97 (1 H, dd,M 5.5, O-8H2, pyridazine He); m/z 
10 (ESI) 397 (M++23. 70%), 375 (M++1 , 72), and 281 (100). 

Q) (±)«3>r2-f3-Cvclopentvloxv-4-methoxyDhenviV2-Phenvlethvn 
benzoic acid 

From Intermediate 10b (1.75g, 4,23mmol) in CH3OH-THF (75ml, 2:1) to 
15 afford the title compound (1.56g) as a pale orange gum; 5h (CDCI3) 1.5- 
2.0 (BH, br m, (Cil2)4). 3.2-3.6 (1H, v.br.s), 3.38 (2H, d, 1 8.0Hz. 
PhCHCtl2)t 3.79 (3H, s, OMe). 4.18 (1H, t, J 8.OH2, PhCHCH2). 4.65 (1H, 
br m, OCU). and 6.6-8.2 (12H. m. C6Jd5+C6id4+C6tl3). 

20 k) fe^-2>r2>r3-Cvclopentvloyv-4-mettioxvphenvlV2-Phenvlethvn-4- 
mQthvlPvridine 

From Intermediate 7f (1.03g)l Purification by chromatography (Si02; 
Et20) afforded the title compound (354mg) as a colouriess oil; 5h (CDCI3) 
1.5-1.9 (8H, br m. {CJtl2)4). 2.19 (3H, s. pyridine Me). 3.43 (2H. dd, J 8.2, 
25 1.6Hz, PhCHCld2). 3.78 {3H. s, OMe), 4.55 (1H. t, 8.2Hz, PhCHCH2). 
4.65 (1H, br m, OCH), 6.7-6.75 (4H, m, C6H3+ pyridine tb). 6.85-6.9 (1H. 
m, pyridine Us), 7.1-7.3 (5H, m, Ceils), and 8.38 (1H. ca d. i 5.1Hz, 
pyridine hte). 

30 I) (±)-4-r2-f3>Cvclopentvloxv-4^methoxvphenvlV2-Phenvlcthvn 
pyrimidine 

From Intermediate 7g (l.lOg). Purification by chromatography (Si02; 
EtaO) afforded the title compound (299mQ^ as a colouriess oil which slowly 
crystallised on standing (Found: C. 76.82; H. 6.85; N, 7.35. C24H26N2O2 
35 requires C. 76.98: H, 7.00; N, 7.48%); 5h (CDCI3) 1.5-2.0 (8H, br m, 
(Ch!2)4), 3.45 (2H, d, J 8.0Hz, CHCtb), 3.78 (3H, s, OMe), 4.52 (1H. t, i 
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8.0Hz. CHCH2). 4.65 (1H, br m. OChi). 6.7-6.8 (3H. m. CeMs). 6.89(1 H. 
dd. J 5.1, 1.2Hz. pyrimidine ids). 7.15-7.4 (5H. m, Ceids). 8.44 (1H. d. i 
5.IH2, pyrimidine He), and 9.1 1 (1 H, d, i 1 .2Hz. pyrimidine h!2)- 

5 m) 2-Cyclopentyloxv-4-f2-(4-fluoroDhenvlV1-Dhenvlethvnanisolc 

Fronrj Intermediate 34a (65mg). Filtration through Celite® and 
concentration in vacuo afforded a colourless gum (62mg) which slowly 
solidified to give the title compound as a white solid; 5h (CDCI3) 1.5-1.95 
(8H, br m, (CM2)4). 3.27 (2H, d, J. 8.2H2, CHChU pyridine), 3.78 (3H, s. 
1 0 OMe). 4.08 (1 H, t, i.8.2Hz, CHCHg pyridine), 4.64 (1 H. br m. OCld), 6.6- 
6.75 (3H, m, Cehb). 6.8-7.0 {4H. m. C6tl4). and 7.1-7.3 (5H, m. CeJds). 

n) (±>-4-f2-(4-Chiorophenyl)-1-phenylethvn-2-cvciopentvloxyanisole 
From Intermediate 34b (200mg, 0.49mmol). Trituration with hexane 

15 afforded the title compound (45mg) as a white solid m. p. 63°C. 6h 
(CDCI3) 1.5-2.0 (8H. br m, (Cld2)4), 3.2-3.3 (2H, m, PhCHCHa), 3.78 (3H. 
s. OMe).4.08 .(1H. t, J 7.8H2. PhCtlCH2). 4.63 (IN, br m, OCM), 6.6-6.7 
(2H, m. ArH meta to OMe), 6.73 (IN, d, i 8.2Hz. ArHiUltlQ to OMe). 6.90 
(2H, d, i 8.3Hz, 2xArH of C6H4), and 7.0-7.3 (7H, m, Ceids + 2xArH of 

20 C6H4) (N.B. ) ('Hn.m.r. indicates the presence of ca 10% of the des-chloro 
compound); m/z 431 (M.++2 + Na, 40%).430 (M+ + 1 + Na. 38), 429 
(M++Na. 100), 396 (22), 395 (92). 301 (15), 236 (15). 213 (15). and 60 
(27). 

25 o) (±V3-r2-f3-CvclODentvloxv-4-methoxvDhenvlV 2-Dhenvlethvn- 

PYTidine 

From Intermediate lOe (390mg, 1.05mmol). Chromatography (SiOg; 
EtaO) afforded the title compound (200mg) as a colourless oil; 5h (CDCI3) 
1.5-2.0 (8H. br m, (Cid2)4). 3.31 (2H, d, i 8.0Hz,CHCH2 pyridine). 3.78 
30 (3H, s. OMe), 4. 1 0 (1 H, t. J 8,0Hz CHCH2 pyridine). 4.65 (1 H, br m, OCJd). 
6.6r6.8 (3H. m. Ceida), 7.0-7.5 (7H, m. Ceids + pyridine il4. ids). 9-30 (1H, 
d, i 1.0Hz, pyridine Ida), and 9.48 (1H, dd, J 3.0, 2.0Hz, pyridine JtU). HJ/Z 
(ESI) 374 (M++1 . 1 00%), 321 (20), and 306 (80). 

35 EXAMPLE 4 

(±V-4-ri-(3-Cyclopentyloxv-4-methoxyphenvl)-2-<4-pyridvl)ethYt] 
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pyridine 

A solution of Intermediate 8 (0.20g, 0.54mmol) in EtOH (10ml) containing 
EtaN (0.5ml) was hydrogenated over 10% Pd/C (54mg) for 18h. The 
reaction mixture was filtered through Celite® and concentrated in vacuo . 
5 The residue was subjected to chromatography (SiOa; EtOAc/CHaOH, 
19:1) to afford the title compound (170mg) as a colourless oil. 5h (CDCI3) 
1.5-1.9 (BH/br, m. (0^2)4), 3.27 (2H, d, J 8.0 Hz, Chb pyridine), 3.77 {3H, 
s, OMe), 4.10 (1H, t, i 8.0 Hz, CHaCH pyridine). 4.62, (1H, br m. 
OCHCH2). 6.5-6.8 (3H, m. ArH ialllffl to OMe+ 2xArH msla to OMe ). 6.88 
10 (2H, dd, J. 4.5, 1.5 . Hz, pyridine J±3. Us), 7.06 (2H. dd. i 4.5, 1,5 Hz, 
pyridine Ma, his), 8.35 (2H, dd. i 4.5, i:5 Hz. pyridine 02. He), and 8.43 
(2H, dd, J 4?5, 1.5 Hz, pyridine tb, Me); m/Z 374 (M+ 17%), 306 (32). 282 
(12). 215 (16), 214 (100), 154 (11), 129 (14). 93 (12). 57 (15), and 41 (18). 

15 Treatment of the title compound with ethereal solution furnished the title 
compound dihvdrochloride - m.p, 23Q>233oC (dec). 

EXAMPLE 5 

a) (±>-4'f2-f3-Cvctopentvloxv-4>methoxvphenvlV2"(4- 
20 fluorophenvlethyi] pyridine hvdrochtortde 

To Intermediate 14 (2.19g, 4.72mmol) in EtOH(50ml) was added NaOH 
(I.Og. 25mmol) in water (20ml). The reaction mixture was heated to reflux 
until complete hydrolysis (about 1h) and the pH adjusted to pH 6 with 
concentrated hydrochloric acid (about 2ml). The reaction mixture was 

25 then hieated to reflux until complete decarboxylation occurred (about 7h). 
Upon cooling, the yellow solution was half-concentrated and partitioned 
between 0.5N NaOH (100ml) and EtgO (100ml). The organic layer was 
washed with brine, dried (MgS04) and evaporated. The residual yellow 
tinged gum {1.81g) was taken up in EtaO (50ml) and 2.5M hydrochloric 

30 acid in EtOH (about 2ml) was added to pH2. The solvent was evaporated 
and the yeillow foam obtained redissolved in EtOH (20ml). EtaO was 
, added until the solution became slightly cloudy and the mixture cooled to 
O^C to give an off-white solid. The mother liquor was decanted off. the 
solid washed with EtgO and dried in vacuo to give the title compound 

35 (1.85g) as an off-white solid. m,p. 147-150OC. 5h (CD3OD) 1.50-1.90 (8H, 
m, (CH2)4), 3.70 (2H. d. CHaAr). 3,75 (3H. s. OCi±3). 4.45 (1H, t. CHAr). 
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4.75. (1H, m, OCHCH2). 6.80 (3H, m, Ar), 7.05 (2H. m. Ar), 7.35 (2H, m. 
Ar). 7.90 (2H. d. Ar). 8.65 (2H. d. Ar); m/z (ESI) 393 {M+ +2. 12%). 392 
(M+ +1. 38). 300 (29). and 299 (100). 

5 The following compound was prepared in a similar manner to. the 
compound of Example 5a. 

b) (±)-4-f2-(3-Cvclopentvloxv-4-methoxvphenvn-2-(4-trifluoro- 
inethvlDhenyl)ethvnpyricHne hydrochloride 

10 From intermediate 25 (2.05g, 3.99 mmol) and ^4aOH (O.BOg. 20mmol) to 
afford the free base (1.70g) as a pale yellow gum; 5h (CDCI3) 1.5-1.9 (8H, 
br m. (Cld2)4), 3.36 (2H, d, J 7.6, 0.8Hz, CHCH2 pyridine), 3.80 (3H, s. 
OMe).4.23 (1 H, t. i 7.6Hz, CHCH2 pyridine), 4.67 (1 H, br m, OCtD. 6.65 
(1H. d. A 2.0Hz. ArH ortho to cyclopentyloxy). 6.70 (1H, dd. i 7.8, 2.0Hz. 

1 5 ArH para to OMe), 6.79 (1 H. d. i 7.8Hz. Artl ortho to OMe), 6.94 (2H, d, i 
5.2H2. pyridine Ma. ids). 7.30 (2H, d. A a.3Hz. 2xArM meta to CF3). 7.55 
(2H. d. A 8.3H2, 2xArllQElli2 to CF3). and 8.42 .(2H, d, J 5.2Hz. pyridine 
M2±l6): m/z (ESI) 443 (M++2, 24%) 442 (M++1. 87), 350 (22). 349 (100), 
281 (40), and 250 (30). 

20 

Treatment of the free base (1.65g) in Et2O(50ml) with ethanolic HCI 
(2.5M}> concentration in vacuo and recrystallisatlon (EtpH-Et20) afforded 
the title compound (I.SBg) as an off-white solid m.p. 149-152°C; 5h (d4- 
MeOH) 1.55-1.95 (8H, br m, (Ct!2)4). 3-77 (3H. s, OMe), 3.78 (2H, d, A 
25 7.8Hz, CHCH2 pyridine), 4.60 (1 H, t, A 7.8Hz. CliCH2 pyridine), 4.75 (1 H, 
br m, OCH). 6.8-6.9 (3H, m, Cetb), 7.5-7.65 (4H, m, CetiA). 7.91 (2H, d, A 
5.2Hz pyridine ids. tls). and 8.68 (2H, d, A 5.2Hz, pyridine iiaile). (N.B. 
HCI not observed). 

■ 30 c) f+)-4-r2-f3-Cvelopentvloxy-4-inethowDhenvn-2-thienvlethvn 
nvridine hydrochloride 

From Intermediate 33 (566mg, 1.25mmol). Chromatography. (Si02: 
EtOAc/hexane, 4:1) afforded the title -comDound free base (350mg) as a 
colourless oil; 5h (CDCI3) 1.5-2.0 (8H, br m, (CH2)4). 3.25 (1H, dd, J 13.5, 
35 8H2, CHCHaHb). 3.41 (1H. dd, A 13.5. ca. 7Hz, CHCHaHb). 3.80 (3H, 

s, OMe). 4.36 (1 H, t, il fia. 8. sa* 7 Hz, CHCHa Hb). 4.65 (1 H, br m, OCH), 
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6.65-6.85 (4H. m , Ceila + thiophene H3), 6.90 (1H, dd, a 5.1. 3.5Hz. 
thiophene Jd4). 6.94 (2H, dd. J4.4. 1.6 Hz. pyridine Ida.tis). 7.16. (1H. dd. 
J. 5.1. 1.2Hz. thiopliene ids), and 8.40 (2H. dd. J. 4.4. 1.6Hz. pyridine 
Hails): m/Z (ESI) 381 (M++2. 13%) 381 (M++1. 65). 288 (2). and 28?' 
5 (100). 

Treatment of the free base (270mg) in EtaO (15ml) with ethanolic HCI 
(2.5M). flffnrrifid the title compound (226 ma) as a Pale yellow solid: 8h 
(CDCI3) 1.5-1.9 (8H. br m. (CtL2)4). 3.51 (1H. dd, J 13.5, 8.6Hz, 

10 CHCHaHb), 3.64 (1H, dd. i 13.5, 7.2Hz. CHCHAhte). 3-81 (3H, s, OMe). 
4.41 (1 H, ca. t, J fiSU 7.8Hz. CHCHa Hb). 4.72 (1 H, br m. OCH). 6.64 (1 H, 
dd. d 8-2, 2.0Hz. ArH para to OMe). 6.7-6.8 (3H. m. 2x ArtL of CeJda + 
thiophene th). 6.91 (1H. dd. J 5,1, 3.5Hz, thiophene Ha), 7.19 (1H, dd. J 
5.1 , 1 .OHz. thiophene ids). 7.49 (2H, d. A 6.3Hz, pyridine H3. Ms), and 8.55 

15 (2H, d, si 6.3Hz, pyridine ti2.tl6). 

EXAMPLE 6 

(4.)-4-T2-f3-CvcloDentvloxv-4-methoxvV2-Dhenvlethvnpvridine-N-oxide 

A solution of a compound of Example 16 (i) (264mg) in peracetic acid 
20 (0.5ml) and CH2CI2 (50ml) was stirred at RT for 3h. Additional peracetic 
acid (0.5ml) was added and the mixture stirred overnight then treated with 
saturated aqueous sodium sulphite for 5 min. The organic phase was 
separated and combined with further CH2CI2 extracts (2 x 30ml). The 
extract was washed with aqueous HCI (10%; 30ml). aqueous NaHCOs (2 
25 X 30ml). brine (30ml), then dried (MgS04). and concentrated in vacuo . 
Purification by column chromatography (SiOa; 1-5% CH3OH/CH2CI2) gave 
a colourless oil which was triturated with Et20-hexane to afford the tiils 
comnound (260mg) as a white solid, m.p. 1 1 4-i 1 60C. 5h (CDCb) 1 .5-1 .9 
(8H. br, m, (Chb)4). 3.29 (2H, d, J 8 Hz, CHCJJ2), 3.80 (3H, s, OMs). 4.06 
30 (1 H, t. i 8 Hz, CtiCH2), 4.67. (1 H, br m, OCtD, 6.65-6.8 (3H, m. Aril ortho 
to OMe + 2xArll meta to OMe ), 6.84 (2H. d. J 7 Hz. pyridine i+j. Hs). 7. 1 - 
7.35 (5H, m, Ceils), and 8.00 (2H. d. i 7Hz. pyridine tb, ids). (Optical 
rotation at 0. 1 53g/1 00ml of EtOH [a]^ = +43°). 

35 EXAMPLE 7 
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a) (±^3-r2-(3-Cyctopentyloxy-4-methoxyphenvi)-2-hvdroxv-2- 
phenvlethvl 1-2>methoxvDvrazine 

n-BuLi (1.6M in hexanes; 6ml, 12mmol) was added dropwise at 4^C to a 
solution of N, N-diisopropylamine (1.85ml, 13mmol) in THF (40ml). After 

5 0.5h, 2-methoxy-3-methylpyra2ine (1 .28ml, Hmmol) was added dropwise 
at -70^0 and the mixture stirred for 2h at this temperature. A solution of 
Intermediate 2 (3.26g. Ilmmol) in THF (20ml) was added over 10 min at 
-70OC and the mixture stirred for a further 1h and then allowed to warm to 
RT. The reaction mixture was partitioned between CH2CI2 (75ml) and 

10 saturated NaHCOa (100ml). The organic layer was separated, combined 
with further CH2CI2 extracts (2x75ml), dried (MgS04) and concentrated in 
vacuo . The residue was subjected to chromatography (Si02; CH2CI2) to 
afford the title compound (2.94g) as a white foam. 5h (CDCI3) 1.5-2.0 
(8H. br m, (Cid2)4). 3.63 (1H. d. i 14 Hz. CHH pyrazine). 3.77 (1H. d, JL 

15 14Hz, CHJl pyrazine), 3.79 (3H, s, QMe ortho to cyclopentyloxy). 3.97 
(3H. s. pyrazine QMe), 4.67 (1H, br m, OCM), 6.72 (1H. dd, J 8.4Hz, ArJd 
ortho to OMe), 6.77 (1 H, s, Ohl), 6.91 (1H, dd, J 8.4Hz, 2,0Hz, ArHp^rato 
cyclopentyloxy). 7.00 (1H, d, J 2.0Hz, ArUfllttlQ to cyclopentyloxy). 7.1-7.5 
(5H, m, CeJtis). and 7.85-7.95 (2H, m. pyrazine idsi Me). 

20 

The following compounds were prepared in a manner similar to the 
compound of Example 7a. 

b) fj:>-3-r2-f3>CvclODentyloxy-4*methoxvDhenvlW2-hydroxv>2- 
25 phenylethyllpyridazine 

From 3-methylpyridazine (1.0ml) and Intermediate 2 (3.98g). Purification 
by chromatography (Si02; EtOH-CH2Cl2) afforded the title compound 
(4.02g) as an off-white solid. 

30 c) (±>-2f-2-f3-CyclQpentvlox v-4^niethoxvDhenvlV2-hvdroxv>2> 
phenviethvll-4-methvlDvridine 

From 2.4-dimethylpyridine (1.7ml. 14.5mmol) and Intermediate 2 (4.30g. 
14.5mmol). Purification by chromatography (SiOa; CH2CI2) afforded the 
title compound (1.230) as a colourless oil (Found: C, 77.07; H,-7.10; N, 
35 3.25. C26H29NO3 requires C, 77.39; H. 7.24; N. 3.47%); 5h (CDCI3) 1 .4- 
1.9 (8H, br m. (Cil2)4). 2.25 (3H, s, pyridine Me). 3.60 (2H, s. CH2 
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pyridine). 3.77 (3H. s. OMe). 4.68 (1H. br m. OCM). 6.72 (1H, d. 1 S.SHz. 
ArH ortho to OMe), 6.8-6.95 (3H, m, ArH oara to cyclopentyloxy + pyridine 
hb. ids). 7.02. (1H, d, i 2.2Hz, ArH ortho to cyclopentyloxy), 7.1-7.3 (3H, 
m. meta and para ArH of CeHs), 7.46 (2H. £a d, i 8.5Hz, prthQ ArH of 
5 CeHs), and 8.23 (1 H, ca d. i 6 Hz. pyridine He); m/z (ESI) 404 {M++1 . 
72%). 387 (13). and 386 (100). 

d) f±V4-r2-f3-CvclQpentvlox v-4-methoxvDhenvl>-2-hvdroxv-2- 
phenylethyllpyrimidine 

10 From 4-methylpyrimidine (I.Omi) and Intermediate 2 (3.98g). Purification 
by chromatography (Si02;CH2Ci2) afforded the title compound (2.56g) as 
a white solid; 5h (CDCI3) 1.5-2.0 (8H. br m. (Cld2)4). 3.66 (2H. s, CH2 
pyrimidine). 3.77 (3H, s. OMe). 4.65 (1H, br m. OCil). 6.58 (1 H. s. Oil). 
6.72 (1H, d. 1 8.4Hz. ArtiillltlQ to OMe). 6.85 (1H. dd, 1 8.4. 2.2Hz, ArH 

1 5 cara to cyclopentyloxy), 6.98 (1 H, d, J 2.2Hz. ArU QrthQ to cyclopentyloxy). 
7.07 (1H. d. i 5.2Hz, pyrimidine tfe). 7.15-7.45 (5H, m, Cebs). 8.53 (1H, 
d. A 5.2Hz. pyrimidine Me), and a99 (1 H, s, pyrimidine Ma)- 

EXAMPLE 8 

20 r4-V.2-r2-f3-CvclQPentvlo xv-4-methoxvDhenvi>-2-Phenvlethvl1-1- 
methvlpvrrole 

CH3NH2 (generated from a concentrated aqueous solution of CH3NH2.HCI 
and KOH) was bubbled into a stirred solution of Intermediate 21 (400mg) 
in toluene (20ml) containing a catalytic amount of CH3NH2.HCI at RT for 

25 0.5h. EtaN (2 drops) was added and the reaction mixture concentrated m 
vacuo . The residue was subjected to chromatography (Si02; 20% 
Et2b/hexane) to afford the title compound (290mg) as a colourless oil. 5h 
(CDCI3) 1 .5-1 .9 (8H. br m, (Cii2)4). 3.23 (2H, d, J 7.5Hz, CHCJdaCO). 3.28 
(3H. s. NMe). 3.79 (3H. s. OMe). 4.19 (1H. t. i 7.5Hz. CHCtbCO). 4.66 

30 (1H, m OCH). 5.74 (1H, m. pyrrole Jd). 5.97 (1H. app. t, J 3.2Hz. pyrrole 
H), 6.44 (1H, app. t. J2.2Hz, pyrrole H). 6.67 (1H, d. J 1.8Hz, Arjj orthO to 
cyclopentyloxy), 6.70 (1H. dd. 8.1Hz, ArH para to cyclopentyloxy). 6.76 
(1 H. d, J 8 Hz, ArH ortho to OMe), and 7.1 3-7.30 (5H, m. Cetis). 

35 EXAMPLE 9 
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(±)-3-[2-(3-Cvclopentvioxv-4-methoxyphenvn-2-phenvlethvn-5- 
hvdroxv-f 1 m-ovrazole 

A solution of Intermediate 22 (503mg,1.2mmol) and hydrazine 
monohydrate (73mg, I.Smmol) in EtOH (10ml) was heated to reflux for 

5 1.5h then cooled in an ice-bath. The crystalline product was filtered off, 
washed with cold EtOH and dried in vacuo to afford the title compound 
(3.5mg) as a white solid, m.p. 189-190^0. 5h (CDCI3) (indicates mixture 
of enolrketo forms; 2:1) 1.5-1.9 (8H. br m. (CH2)4). 2.85 (2/3H. s. CH2CO; 
keto), .3.13 (4/3H. d, J BHz. PhCHCjHa; Keto). 3.25 (2/3H, d. 8Hz, 

10 PhCHChb: enol). 3.80 (3H, s. OMe), 4.12 (2/3H, t, J 8Hz. PhChLCH2; 
enol), 4.19 (1/3H. t. 1 BHz, PhCHCHa; keto), 4.68 (1H, m. OCH), 5.35 
(2/3H. s, HC=COH; enol), 6.65-6.8 (3H. m, C6H3). and 7.15-7.35 (5H, m, 
Ceils). (N.B. 2/3H for HC=COH; enol and NH for keto and enol forms not 
observed). 

15 

EXAMPLE 10 

(±>-2-r2-f3-CvcloDenWloxY-4*methoxyphenvlV2-phenvlethvinhiophene 
A mixture of Intermediate 19 (4.75mg) and Lawesson's Reagent (2.4-bis 
(4-methpxyphenyl)-1.3-dithia-2.4-diphosphetane-2,4-disuIphide)(760mg) in 

20 toluene (10ml) was stirred at 85^0 for 1.5h. The reaction mixture was 
cooled and filtered. The filtrate was concentrated in vacuo and the residual 
oil subjected to chromatography (S1O2; 10% EtaO/hexane) to afford the 
title compound (380mg) as a colourless oil (Found: C, 76.12; H, 6.88. 
C24H26O2S requires C. 76.15; H, 6.92%); 5h (CDCI3) 1-5-2.0 (8H. br m, 

25 {002)4). 3.56 (2H. d, J 7.6Hz, PhCHCtb), 3.81 (3H, s. OMe), 4.21 (1 H, t, 
i 7;6Hz, PhCHCH2), 4.71 (1H, br m, OCH), 6.63 (1H, dd. J 3.4. 0.9Hz, 
thiophene i±3). 6.75-6.80 (3H, m, Cehb). 6.82 (1H. dd, J. 5.1, 3.4Hz, 
thiophene H4), 7.05 (1H, dd, i 5.1, 1.2Hz, thiophene H5). and 7.15-7.35 
(5H, m, Ceids). 

30 . \ ' 

EXAMPLE 11 

(±V4>r2-f3>CvctGPentvloxv-4*methoxyphenyl)-2-phenvlethvn benzoic 
acid monohvdrate 

Aqueous NaOH (10%; 50ml) was added to the compound of Example 3g 
35 (2.7g, 6.28mmol) in CH3OH (50ml) and the mixture heated to reflux for 3h. 
CH3OH was removed in vacuo , the remaining aqueous phase adjusted to 
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pH7 with concentrated hydrochloric acid then extracted with CI-I2CI2 
(2x1 00ml). The extract was dried (Na2S04) and concentrated in vacuo to 
afford the title compound (2.41 g) as a white solid, m.p. 187-1 88.5°C. 
(Found: C, 74.44; H, 6.40. C27H28O4. H2O requires C. 74.62; H, 6.96%), 
5 5h (CDCI3) 1.2-2.0 (-1 OH, br m, (CH2)4-i-H20), 3.3-3.45 (2H, m. 
PhCHCHa). 3.78 (3H. s, OMe). 4.16 (1H, t, i 8.0Hz. PhCHCHa). 4.63 (1H. 
br m, OChl), 6.62 (1 H, d, J 2.0Hz. ArH ortho to cyclopentyloxy), 6.69 (1 H. 
dd, si 8.0, 2.0Hz, ArH oara to cyclopentyloxy). 6.74 (IN, d. i 8.0Hz, ArH 
ortho to OMe), 7.09 (2H, d, i 8.2Hz. 2 x ArJl mfila to CO2H). 7. 1 5-7.3 (5H. 
10 m, Cehls). and 7.90 (2H. d. J 8.2H2, 2xArH ortho to GO2H): m/z (ESI) 439 
(M++Na, 100%). 415 (20), 331 (25). 302 (28). 301 (35). and 213 (70). 

EXAMPLE 12 

(±)-4-f2-f3-CycloDentytoxy-4-methoxvphenyl)-2-Dhenvlethvn 
benzamide 

To the compound of Example 11 (210mg. 0.52mmol) in CH2CI2 (10ml) 
was added EtaN (58mg, 0.58mmol) followed by isobutyi chloroformate 
(79mg, 0.58mmol) at RT and stin-ed for 0.5h. Ammonia was bubbled into 
the mixture for lOmin and stirring continued for a further 0.5h. The 
reaction mixture was poured into aqueous NaHCOs (20ml) and extracted 
with CH2CI2 (2x20ml). The extract was dried (MgS04). concentrated m 
vacuo and the residue subjected to chromatography (SiOa; Et20)) to 
afford the title compound (150mg) as an off-white solid m.p. 73-75°C. 5h 
(CDCI3) 1.5-1.9 (8H, br m, (Ci±2)4). 3.35-3.79 (2H, m. PhCHCH2), 3.79 
(3H, S, OMe). 4.14 (1H, t, d 8.0Hz, PhCHCH2), 4.65 (1H, br m. OCH). 5.5- 
6.0 (2H. v.br. s, CONH2). 6.65 (1H. d, J. 2.0Hz, ArH ortho to 
cyclopentyloxy), 6.68 (1H, dd. J 8.1, 2.0Hz, ArH para to cyclopentyloxy). 
6.74 (1H, d. i8.1Hz ArH ortho to OMe). 7.07 (2H. d. J8.3HZ, 2xArl±n!fila 
to CONH2). 7.15-7.3 (5H. m. Cstls). and 7.62 (2H, d. J 8.3Hz. 2xArhlQIlt!a 
to CONJd2): m/z (ESI) 439 (M++1+Na, 25%), and 438 (M++Na, 100). 

EXAMPLE 13 

a) <±V-tert.Butvl N-f4-r2-f3-Cvclopentvloxv-4-methoxvphenylV2- 
phenvtethvn phenvncarbamate 
35 To the compound of Example 11 (1.5g. 3.6mmol) in 2-methylpropan-2-ol 
(50ml) was added EtsN (360mg. 3.6mmol) followed by diphenylphosphoryl 



15 



20 



25 



30 



wo 94/14742 



PCT/GB93/02625 



azide (990mg, 3.6mmol) and the mixture heated to reflux tor 3h. The 
cooled reaction mixture was poured into aqueous NaHCOa (100ml) and 
extracted with CH2CI2 (2x1 00ml). The extract was dried (MgS04), 
concentrated in vacuo and the residue subjected to chromatography 
5 (SiOa; hexane/Et20, 2:1) to afford the title compound (510mg) as a white 
solid m.p. 123-125^0; 5h (CDCI3) 1.49. 1.50 (9H, s, CMes), 1.5-1.95 (8H. 
br m, (CH2)4+H20). 3.25 (2H, d, J 7.5Hz, PhCHCH2). 3.782, 3.790 (3H, s, 
OMe), 4.10 (1H, t. i 7.5Hz, PhCHCH2). 4.65 (1H. br m, OCH). 6.33 (1H, br 
s, NH), 6.65-6.75 (3H, m, Cetb), 6.91 (2H, --d. i 8.4H2, 2xArH ortho to 
10 NHCOCMes), and 7.1-7.45 (7H, m, CeJIs+ZxArll IDfila to NHC02CMe3). 
[N.B. CONH conformers observed by 'Hn.m.r,]. 

The following compound was prepared in a manner similar to the 
compound of Example 13a. 

15 

b) (+Y-tert.Butvi N-T3-r2-f3-cvcloDentvloxv-4^methoxvDhenvi>-2- 
phenviethvnDhenvlTcarbainate 

From a compound of Example 3 j (1.44g, 3.46mmpl), in 2-methylpropan-2- 
oi (50ml), EtsN (0.35g. 3.46mmol) and diphenylphosphoryl azide (0.95g, 
20 3.46mmol). Purification by chromatography (Si02; hexane-EtOAc, 4:1) to 
afford the title compound (0.64g) as a colourless gum; 5h (CPCI3) 1 .4-1 .9 
(8H, br m, (Cii2)4). 1-50 (9H, s. CMes). 3.28 (2H, Q^d,l 8.0Hz, 
PhCHCida), 3.77 {3H, s, OMe). 4,16 (1H, t. i 8.0Hz, PhCHCH2), 4.65 (1H, 
br m OCH), 6.39 (1 H, br s, NH), and 6.6-7.4 (12H, m, Ceids+CehiA+Cgils). 

25 

EXAMPLE 14 

f4:>-4>r2-f3-CvcloDentvloxv-4-meth oxvDhenvn-2-Dhenvtethvnphenvl-N- 
ethylcarbamate 

Ethyl isocyanate (71 mg, I.Ommol) and a catalytic amount of EtsN (IOp.1) 
30 was added to a compound of Example 3b (300mg, 0.8mmol) in toluene 
(20ml) and the mixture heated at 60^C for 4h.. The reaction mixture was 
poured into aqueous NaHCOa (50ml) and extracted with CH2CI2 (2x50ml). 
The extract was dried (MgS04), concentrated in vacuo, and the residue 
subjected to chromatography (Si02; Et20/hexane, 1:1) to afford the litte 
35 compound (1 40mg) as a colourless gum; 5h (CDCI3) 1.18 (3H, t, J 7.2Hz. 
; NHCH2Me), 1.5-2.0 (8H, br m, (Cti2)4). 3.2-3.35 (2H. m. NHCH2Me), 3.29 
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{2H. d, J. 7.8Hz, PhCHChb). 3.78 (3H. s, OMe). 4.11 (1H. t. 1 7.8Hz. 
PhCtiCH2). 4.65 (1 H. br m, OCH), 4.98 (1H, br s. Nid). and 6.6-7.3 (12H, 
m, C6H5+C6a4+C6H3): m/Z (ESI) 483 OT+I+Na. 38%). 482 (100). and 
186(23). • 

5 

EXAMPLE 15 

(i) (+^-4-f1-^3-CvcloDentvloxv-4-methoxvDh envlV2-(4-Dvridvnethvn 

(ii) M -4^1 -f3-CvcldDentvto xv-4-mcthOYVphenvl V2-f4-Dvridvnethvn 
10 . pyridine 

A 60mg ml-"" solution of the compound of Example 4 in EtOH was made 
up and prefiltered tfirough a 45^. filter. The sample soution was injected 
onto a preparative chiracel OJ preparative column (mobile phase: 90:10. 
hexane/EtOH: flow rate 6ml.min-i) jn o.5ml aliquots (a column loading of 
15 30 mg). The two enantiomeric peaks were collected with a typical 
retention time of 50 to 63 min for the first peak and 70 to 105 min for the 
second peak. 

EXAMPLE 16 

(i) (-t.)-4-f2-r3-Cvclooentvloyv-4-methoxvDhenv lV-2-Dhenvlethvl1 
pyridine 

(ii) M-A-r2-f3-C veloHentvioifv-4-methoxvDhenvlV2-PhenvlethVl1 

The compound of Example 3a (500mg) was made up to a 100mg ml-^ 
solution in EtOH, filtered through a 45^ filtron. The sample solution was 
injected onto a preparative chiracel OJ preparative column (mobile phase; 
80:20, hexane/EtOH; flow rate 6ml.min-i). in o.9ml aliquots. The two 
enantiomeric peaks were collected with a typical retention time of 22 to 32 
min for the first peak corresponding to title enantiomer (i) (optical rotation 
at 0.151g/100ml of EtOH [a]^ = +37°) and 42 to 80 min for the second 
peak, corresponding to titiB anantiomer (ii) (optical rotation at 
0.151g/100ml of EtOH [a]^ = +36°). 

CHIRACEL SEPARATION OF OTHER ENANTiOM ERS OF THE 
35 INVENTION: 



20 



25 



30 
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The procedures described in Examples 15 and 16 were repeated [flow 
rate of 0.75ml. min""*] with the following compounds, to obtain each 
enantiomer with the retention time shown: 



Compounds of 


Mobile Phase 


Peak A 


Peak B 




/heYane-ethanoH 


yi 1 III 1 ^ 


^1 1 ill 1 ^ 


Example lb 


80:20 


22.21 


30.96 


Example 5a 


80:20 


10.76 


13.22 


Example 5b 


80:20 


7.31 


7.93 


Example 1c 


80:20 


13.96 


17.44 


Example 3e 


80:20 


17.87 


30.34 


Example 31 


8(^20 


17.73 


26.54 


Exmple 3i 


80:20 


17.33 


25.50 


Example 3f 


: 90:10 


11.77 


13.25 


Example 3g 


80:20 


19.30 


40.32 


Example 8 


80:20 


13.52 


15.42 


Example 27 


70:30 


31.54 


50.03 


Example 1 1 


80:20 


20.00 


42.00 


Example 3k 


80:20 


6.25 


7.10 


Example 21 


80:20 


15.67 


20.64 


Example 25 


80:20 


15.47 


17.90 


Example 22 


80:20 


8.30 


11.00 


Example 33 


80:20 


13.82 


15.15 


Example 31 


80:20 


21.87 


28.84 


Example 10 


80-^0 


10.96 


11.81 


Example 24 


85:15 


36.81 


39.07 


Example 5c 


80:20 


18.96 


54.27 



EXAMPLE 17 

f+>-4-r2-f3,4>DimethoicvDhenvlW2-DhehvtethvnDvridine 

NaH (60% dispersion in oil) (235mg, 6.09mmol) was washed with hexane 
10 {2x20ml). DMF (10ml) was added followed by Intermediate 23 (SOOmg, 
1.46mmol) and the mixture stirred for 0.5h before adding methyl iodide 
(210mg. 3.81 mmol). The reaction mixture was stirred overnight at RT, 
concentrated in vacuo and the residue subjected to chromatography 



wo 94/14742 



PCT/GB93/02625 



78 

(Si02) to afford the title compound as a pale yellow gum. 5h (CDCI3) 
3.35 (2H, d. J 8.OH2, PhCHCH2). 3.80 (3H, s. OMe). 3.86 (3H. s. OMe). 
4,20 (1H. t, J 8.0Hz. PhCHCH2), 6.67 (1H, d, J 2.0Hz. ArH ortho to OMe 
and CH), 6.7-6.8 (2H, m, ArH oara to OMe+ArH ortho to OMe and meta to 
5 CH). 6.97 {2H, ca d, J ca 5.0Hz, pyridine H3. H5),7.1 5-7.35 (5H. m. Odds), 
and 8.42 (2H. ca d, J ca 5.0Hz, pyridine H2.H6); m/z (ESI) 342 (M"^+Na. 
21%). 320 (30). 228 (40). 227 (100). 213 (12), and 196 (12). 

EXAMPLE 18 

10 f+W2-r2r(3-Cvclooentvloxv-4-methoxvDhenvlV2-Dhenv1ethvnben2orcfl 
thiazole 

Intermediate 19 (1.26g. 3.5mmol) in CH2CI2 (6ml) was added to a stirred 
solution of 2-aminothiophenol (0.44g, 3.51mmot) in CH2CI2 (8ml) and 
pyridine (2ml) at -70oC. The reaction mixture was stirred at -70^0 for 20h. 

15 warmed to RT. concentrated in vacuo , and the residual brown oil 
subjected to chromatography (SiOa; EtOAc-hexahe, 1:1) to afford the titte 
compound (826mg) as a pale green oiT (Found: C. 75.15; H. 6.31; N, 
3.30. C27H27NO2S requires C. 75.49; H. 6.34; N, 3.26%); 5h (CDCI3) 
1.5-1.9 (8H. br m, (Cid2)4). 3.78 (3H. s, OMe). 3.83 (2H. ca d, J ^ 8Hz. 

20 PhCHCiH2). 4.60 (1H, t, J 8.0Hz. PhCHCH2), 4.63 (1H. br m, OCH), 6.7- 
6.85 (3H. m, Cetis), 7.1-7.45 (7H, m, C6H5+ benzothiazole H5.H6), 7.74 
(1 H, £a d, i 8Hz, benzothiazole H4 or H7), and 7.95 (1 H, ca d. J. ca 8Hz. 
benzothiazole H4 or H7). 

25 EXAMPLE 19 

(±V^ri-f3-CvcioDentvloxy-4-methoxvDhenvn-2-f4-pvridvnethvn 
benzaldehvde 

NaOH (BOOmg, 20mmol) in water (20ml) was added to a solution of 
Intermediate 24 (2.46g, 4.87mmol) in EtOH (50ml) and the mixture heated 

30 to reflux for 1.5h. Concentrated hydrochloric acid was added to pH 4.5 
and the mixture heated to reflux for 18h to complete the decarboxylation. 
The reaction mixture was concentrated to half- volume and partitioned 
between NaOH solution (0.5Mj lOOral) and Et20 (lOOmi). The organic 
layer was separated, washed with brine (25ml), dried (MgS04). and 

35 concentrated in vacuo to afford the title compound (1.80g) as a pale 
orange gum; 5h (CDCI3) 1.5-2.0 (8H, br m, (0112)4). 3.35 (2H, £a d, J 
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7.8Hz. CHCH2 pyridine). 3.80 (3H. s, OMe). 4.25 (1H. t, J 7.8Hz, CidCHa 
pyridine). 4.65 (1H. br m. OCH). 6.63 (1H, d. J. 1.8Hz. ArH ortho to 
cyclopentyloxy). 6.70 (1H, dd, ji7.8. 1.8Hz. ArH para to OMe), 6.78(1 H. d, 
J 7.8Hz, ArH ortho to OMe), 6.92 (2H, £a d, J 6.7Hz. pyridine ids. ids), 7.35 
5 (2H, d, J 8.3Hz, 2xArH meta to CHO). 7.79 (2H, d, J 8.3Hz, 2xArH ortho to 
CHO). 8.40 (2H, ca d, J 6.7Hz, pyridine tb-ide) and 9.97 (1 H. s, CidO); m/z 
(ESI) 402 {M+ +1.38%). 310 (22). and 309 (100). Treatment of the title 
compound (400mg) in EtaO (40mJ) with ethanolic HCI (2.5M) and 
concentration in vacuo afforded the title compound hydrochloride (420mg) 
10 as a yellow solid. 

EXAMPLE 20 

f±M-r2-f3-CvcloDentvioxv-4-methoxvDh envl^2-f4-hvdroxvmethvl 
DhenvnethvnDvridlne 

15 Sodium borohydride (235mg, 6.21 mmol) was added portionwise to the 
compound of Example 19 (1.11 g, 2.85mmoi) in EtOH (35ml) at -20°C. 
The suspension was allowed to warm to RT and stirred for 18h then treat 
ed dropwise with glacial acetic acid. The reaction mixture was 
concentrated in vacuo and the residue partitioned between Et20 (50ml) 

20 and NaOH solution (1M: 50ml). The organic phase was separated, dried 
(MgS04) and concentrated in vacuo , to afford the title compound (1.03g) 
as a colourless gum m.p. 179-1820C; 5h (CDCI3) 1.5-2.0 (8H, br m, 
(Chi2)4). 2.4 (IN, v.br.s. CHaOJd) , 3.31 (2H. d, j 7.9Hz, CHCid2 pyridine), 
3.80 (3H. s. OMe). 4.15 (1H, t, J 7.9Hz, CHCH2 pyridine), 4.65 (3H, sl.br.s, 

25 0Ctl+Cld20H), 6.6-6.8 (3H. m, Cehb). 6.92 (2H. £a d. i 6.5Hz. pyridine 
Ma. ids). 7.19 (2H. d. J 8.1Hz, 2xArld of C6H4). 7.26 (2H, d, J 8.1Hz. 2xArH 
of C6H4). and 8.35 (2H, ca d, J 6.5Hz. pyridine Jd2.Jd6): m/2 (ESI) 404 (M+ 
+1, 35%). 312 (30), and 31 1 (100). 

30 Treatment of the title compound (600mg) in EtaO (50ml) with ethanolic HCI 
(2.5M). concentration in vacuo followed by recrystallisation (EtOH-EtaO) 
afforded the title compound hydrochloride (602mg) as a white solid; 5h 
(d4-MeOH) 1.5-2.0 (8H, br m, (Cld2)4). 3.72 (2H. d. J. 8.1 Hz, CHChb 
pyridine), 3.76 (3H, s, OMe), 4.44 (1H. t, J 8.THz. CHCH2 pyridine), 4.55 

35 {2H, s, CtbOH). 4.74 (1H. br m. OQid). 6.8-6.85 (3H. m. Cebia). 7.25-7.35 
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^ (4H, m, CeJdA), 7.87 (2H. £a d. J 6.8Hz, pyridine tb. ids), and 8.62 (2H. ca 
d, J 6.8Hz. pyridine ida.He) (N.B. CH20iH and HCI not observed). 

EXAMPLE 21 

5 (±)-4-f2-f3-Cyclopentvloxv-4-methoxyphenvtV2-<4»methoxvmethvl" . 
phenvnethyl]pyridine 

The compound of Example 20 (400mg, 1.02mmol) in THF (10ml) was 
, added to a suspension of NaH (60% dispersion in oil) {124mg. 3.09mmol) 
in THF (10ml) at O^C then allowed to warm at RT over 0.5h. The mixture 

10 was cooled to -20^0, treated with a solution of methyl iodide (98.4|j.l, 
1.58mmol) in THF (5ml) and allowed to warm to RT. A further portion of 
methyl iodide (300m.L, 4.8mmol) was added and the mixture allowed to stir 
at RT ovemight then concentrated in vacuo. The residue was subjected to 
chromatography (SiOa; EtOAc-hexane) to afford the title compound 

15 (125mg) as a pale yellow gum; 5h (CDCI3) 1.5-2.0 (8H, br m, (CH2)4), 
3^9 (2H, d. J 8.3Hz, CHCH2 pyridine). 3.38 (3H, s, pH20Me). 3.80 (3H, s. 
OMe). 4.14 (1H, t. J 8.3Hz. CHCH2 pyridine). 4.40 (2H. s, CidsOMe). 4.63 
(1H, br m. OCH). 6.6-6.8 (3H. m. CeJla). 6.92 {2H. d. J 6.5Hz, pyridine 
H3. Ids). 7.18 (2H, d. d 8.2Hz, 2xArtl of C6H4). 7.25 (2H. d. J 8.2Hz, 2xArH 

20 of C6H4), and 8.39 (2H, £a d. i 6.5Hz, pyridine Ha-Jie); m/Z (ESI) 419 (M"^ 
+2, 15%), 418 (M+ +1, 45), 326 (33), and 325 (100). 

Treatment of the title compound (lOOmg) in Et20 (25ml) with ethanolic HCI 
(2.5M) then concentration in vacuo and recrystallisation (EtOH-EtaO) 

25 afforded the title compound hydrochloride (102mg) as an off-white solid 
. ^ m.p. 182-1850C; 5h (d4-MeOH) 1.5-1.9 (8H. br m, (C]d2)4), 3.34 (3H, s, 
CH20Me), 3.71 (2H, d. i 8.3Hz, CHCH2 pyridine). 3.75 (3H. s. OMe). 
4.39 (2H, s, ChbOMe), 4.43 (1 H, t, J 8.3Hz, CHCH2 pyridine), 4.73 (1 H, br 
m, OCH), 6.75-6.85 (3H, m, Ceida), 7.25 (2H. d. J 8.3Hz, 2xArii of C6H4). 

30 7.32 (2H, d, A 8.3Hz, 2xArH of C6H4). 7.84 (2H, Qa d, J 6.7Hz, pyridine H3. 
Ids), and 8.61 (2H. £a d, J 6.7Hz, pyridine tl2,ld6). 

EXAMPLE 22 

f+>-4-f2-f3-Cyciopentytoxy-4-methoxvphenyn-2-(4-dimethylamino- 
, 35 methvlDhenvl)ethyllpYridme 
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Ethanolic HCI (2.5M) was added dropwise to dimethylamine (3.6ml of a 
14% w/v solution in CH3OH, 1 l.lmmol, 7.6eq) followed by the compound 
of Example 19 (570mg. 1.46mmol) In CH3OH (5ml) and sodium 
cyanoboroiiydride (92mg, 1.46mmol) In one portion. The reaction mixture 

5 was stirred at RT for 24h then concentrated in vacuo and partitioned 
between EtOAc (25mi) and NaOH solution (2M). The organic layer was 
separated, dried (K2CO3), and concentrated in vacuo to give a pale brown 
gum which was subjected to chromatography (SiOa; CH36H-CH2CI2, 
1:19) to afford the title compound (310mg) as a pale yellow gum; 5h 

10 (CDCi3; 250MH2) 1.5-2.0 (8H. brm. (Cll2)4). 2.21 (6H. s, NJM^). 3.29 (2H. 
d, a 7.9Hz, CHCH2 pyridine). 3.37 (2H. s. CiJ2NMe2). 3.79 (3H, s, OMe), 
4.13 (1H, t. iI7.9H2, CHCH2 pyridine), 4.64 (1H, br m, OCH). 6.63 (1H, d, 
, A 1 .9H2, ArH ortho to cyclopentyloxy), 6.68 (1 H, dd. i 8.2. 1 .9Hz, ArH para 
to OMe), 6.74 (1 H. d. J 8.2Hz, ArH ortho to OMe). 6.92 (2H, ca d. J 6.0Hz, 

15 pyridine hb. Jds). 7.13 (2H. d. J. a.2Hz. 2xAri± of C6H4). 7.24 (2H. d, J. 
8.2Hz, 2xArtl of C6H4). and 8.37 (2H. ca d. J 6.OH2. pyridine tl2±te); m/z 
(ESI) 432 (M++2. 30%). 431 (M+ +1, 100). 338 (31). 294 (16). 226 (16), 
and 136 (9). 

20 treatment of the title comnoimd (310mg) in EtaO (25ml) with ethanolic HCI 
(2.5M) and concentration in vacuo afforded the title compound 
dihvdroRhloririft (36pmg) as a pale yellow solid; 5h (d4-MeOH) 1 .5-2.0 (8H. 
br m. (CM2)4), 2.82 (BH.s, CH2NMe2), 3.75 (5H. sl.br.s, OMe + CHCiH2 
pyridine), 4.27 (2H. s, Cti2NMe2). 4.52 (1H. t, J.sa 8.0Hz. CaCHa 

25 pyridine), 4.78 (1H, br m. OCil), 6.8-6.9 (3H, m. CeMa), 7.4-7.6 (4H, m, 
C6ti4). 7.88 (2H. ea d. i 6.7Hz. pyridine Jda. ids). 8.63 (2H, ca d. i 6.7Hz. 
pyridine hb-Ms) (N.B. MCI not observed). 

EXAMPLE 23 

30 (±M-ri-f3-CvclnDentvloxv-4-metho xvphenvf>-2-f4- 
Dvridvi^ethvnbcnzoic acid 

Aqueous sodium dihydrogen phosphate (5%; 15ml), then KMn04 (2.0g. 
12.7mmol) in water (20ml), were added to a solution of the compound of 
Example 19 (1.50g, 3.85mmol) in t-butanol (25ml) at RT. After 0.25h, 
35 aqueous sodium sulphite solution (20ml) was added, the reaction mixture 
filtered through Celite®,, the filter pad washed well with NaOH solution 
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(0.5M). and the filtrate concentrated in vacuo . The residue was partitioned 
between Et20 (50ml) and water (50ml), the aqueous phase separated and 
acidified to pH 4 with concentrated hydrochioic acid. The mixture was 
cooled overnight at about 4^0, the precipitate filtered off and washed with 

. 5 water then EtgO and dried in vacuo to afford the title compound (950mg, 
61%) as a white solid m.p. 161-1630C; 5h (d4-MeOH) 1.5-1.9 (8H, br m, 
{Cid2)4)r 3.42 (2H, d, J 8.OH2, CHCida pyridine), 3,75 (3H. s, OMe), 4.35 
.(1H, t, J 8.0H2;CHCH2 pyridine), 4.70 (1H, br m. OCH), 6.7-6.85 (3H, m. 
Cehb). 7.18 (2H. d. i 6.7Hz. pyridine H3, H5). 7.38 (2H, d, J 8.3Hz. 2xArH 

10 meta to CO2H), 7.93 (2H. d. d 8.3Hz, 2xArtl ortho to CO2H), and-8,30 (2H. 
d, J. 6.7Hz, pyridine K2±i6) (N.B. C02id not observed); m/Z (ES!) 419 
(M++2, 12%). 418 IM++1 . 40). 326 (23) and 325 (100). 

Treatment of the title compound (235mg) in Et20 (25ml) with ethanolic HCI 
15 (2.5M), concentration in vacuo and recrystallisation (EtOH-Et20) afforded 

the title compound hydrochloride (224mg) as a white solid; 5h (d4-MeOH} 

1.5-1.9 (8H, br m, (Chl2)4). 3.75(2H, d. J 8.0Hz, CHCH2 pyridine), 3.75 

(3H. s, OMe), 4.52 (1H. t, 1 8.0Hz. CHCH2 pyridine). 4.74 (1H. br m. 

OCH). 6.8-6.9 (3H. m. Cehb). 7.43 (2H, d. J 8.3Hz. 2xArJH mslato CO2H). 
20 7.80 (2H, d, J 8.3Hz, 2xArH ^HlhQ to CO2H). 7.88 (2H, d, J, 6.7Hz. pyridine 

H3. ids), and 8.62 (2H. d. J 6.7H2. pyridine H2,H6) (N.B. CO2JI and HCI 

not observed). 

EXAMPLE 24 

25 fe>-4-ri-(3-CvciODentvloxv-4-methoxvDhenvl>-2> /4-Dvridvnethvn 
benzamtde 

N-Methylmorpholine (163|iL, 1-48mmol. 1.5eq) then isobutyl chloroformate 
(142klL, 1.09mmoi, 1.1 eg) were added to the compound of Example 23 
(400mg. I.OOmmol) in THF-DMF (20ml; 3:1) at -20oC- Concentrated 

30 aqueous ammonia solution (1.0ml) was added, the mixture allowed to 
warm to RT overnight then concentrated in vacuo . The residue was 
partitioned between EtOAc {25ml) and NaOH solution (IM; 20ml). The 
organic layer was separated, washed with phosphate buffer (pH 7), dried 
(MgS04), and concentrated in vacuo . The residue was subjected to 

35 chromatography (Si02; CH3OH-CH2CI2. 1:19) to afford the title compound 
(245mg) as a pale yellow gum m.p. 180-182OC; 5h (CDCI3; 250MHz) 
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1.5-2.0 {8H, br m, (CH2)4). 3.32(2H, d, i 7.9Hz, CHChb pyridine), 3.80 
(3H,. s, OMe). 4.20 (1H. t. J. 7.9H2, CHCH2 pyridine), 4.64 (1H. br m, 
OCti). 5.6 (1H. v.br.s. CONH), 6.0 (1H, v.br.s. CONH), 6.63 (1H. d, J2Hz, 
Aril prthQ to cyclopentyioxy). 6.68 (1H. dd. ^ 8.2. 2.0Hz. ArH oara to 
5 OMe). 6.76 (1 H, d, J 8.2H2, ArH ortho to OMe), 6.92 (2H, ga d. i 6.0Hz,- 
pyridine H3, Ms). 7.26 (2H, ca d. J. 8.3H2, 2xArH meta to CONH2), 7.71 
(2H, £a d i 8.3Hz, 2xArH ortho to CONH2) and 8.40 (2H, ca d. J 6.OH2. 
pyridine Jd2.Jd6); m/z (ESI) 418 QJ\*+2, 15%), 417 (M++1. 48), 325 (22), 
and 324 (100). 

10 

Treatment of the title compound (240mg) in Et20 (25ml) with ethanplic HCI 
(2.5M). concentration in vacuo , and recrystalllsation (EtOH-Et20) afforded 
the title comoound hydrochloride (245mg) as a white solid; 5h (d4-MeOH) 
1.5-2.0 (8H, br m, (CH2)4). 3.75 (2H, d, i 8.2H2, CHCida pyridine), 3.75 
15 (3H. s, OMe), 4.54 (1H, t, A 8.2H2, CilCH2 pyridine). 4.76 (1H, br m. 
OCH). 6.8-6.9 (3H. m, Ceida). 7.44 (2H, d. J 8.4H2, 2xAriim£la to 
CONH2). 7.88 (2H, d, i 6.7Hz. pyridine H3. Us). 7.94 (2H. d. d 8.4Hz. 
2xArtl fiEltlQ to CONH2), and 8.63 (2H, d. i 6.7Hz, pyridine tbJde) (N.B. 
CONJda and MCI not observed). 

20 

EXAMPLE 25 

f+VEthvl 4-ri-f3-CvcloDentvloxv-4-met hoxvDhenvlV2.f4-pvridvltethyn 
benzoate 

Acetyl chloride (500M.L) was added to EtOH (10ml) followed by the 
25 compound of Example 23 (385mg. 0.95mmol) and the resulting solution 
heated to reflux for 18h. The reaction mixture was concentrated in vacuo 
and the residue partitioned between aqueous sodium carbonate solution 
(2M: 10ml) and Et20 (25ml). The organic layer was separated, dried 
(MgS04). concentrated in vacuo and the residue subjected to 
30 chromatography (SiOa; EtOAc-hexane. 1:1 to 3:2) to afford the title 
compound (300mg) as a pale yellow gum m.p. 170-173OC: 5h (CDCI3) 
1 .39 (3H, t, J. 7.5Hz. COCHaMe), 1 .5-2.0 (8H, br m, (Ctl2)4). 3.32 (2H. d. J 
8.0Hz. CHCH2 pyridine). 3.80 (3H. s. OMe). 4.20 (1H. t. J 8.0Hz, CHCH2 
pyridine). 4.30 (2H, q, J 7.5HZ, COCH2Me), 4.62 (1H, br m, OCH). 6.65 
35 (1H, d, A 2.OH2, ArH ortho to cyclopentyioxy). 6.68 {1H, dd. i 7.8, 2.OH2, 
ArtLcata to OMe), 6.78 (1 H. d, A 7.8H2. ArH ortho to OMe), 6.92 (2H. dd. 
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J 5.2. 0.8Hz, pyridine hb. i±5). 7.25 (2H, d, J. 8.5Hz, .2xArilinfila to 
COaEt). 7.94 (2H. d, i 8.5Hz. 2xAr]±j2!l!32 to COaEt). and 8.40 (2H, dd. d 
5.2. 0.8Hz. pyridine id2ii6); m/Z (ESI) 447 (M++2. 20%). 446 (M++1. 63), 
354 (27), 353 (1 00). and 285 (35). 

5 

' Treatment of the title compound (295mg) in Et20 (25ml) witli etiianolic HCI 
(2.5M). concentration in vacuo and recrystaliisation (EtOH-Et20) afforded 
the title compound hydrochloride (300mg) as an off-white solid; 5h (d4^ 
MeOH) 1.36 {3H, t. J 7.2Hz, CpCH2Me), 1.5-1.9 (8H, br m, (Ch!2)4), 3.73 
1 0 {2H, d. J 8.2Hz. CHClda pyridine), 3.76 (3H, s, OM©). 4.33 (2H, q. J 7.2Hz. 
COCH2Me). 4.53 (1H. t. A 8.2Hz. CHCH2 pyridine). 4.75 (1H, br m. OCH). 
6.8-6.9 (3H. m, CeJla). 7.45 (2H. d. i 8.4Hz, 2xArhi meta to COaMe). 7.84 
(2H, d. J 6.5Hz. pyridine H3. i±s). 7.94 (2H. d, i 8.4Hz. pyridine HaJde). 
and 8.61 (2H. d, J[ 6.5Hz, pyridine iiaJie). 

15 

EXAMPLE 26 

rjrV.2-Chioro-4-r2-f3-cvcloDentvloxv-4^e thoxvDhenvlV-2-ohenvlethvn 
pyridine 

A mixture of the compound of Example 6 (2.39g. 6.16mmol) and 
20 phosphorus oxychloride (25ml) was heated to reflux overnight. The 
reaction mixture was cooled to RT then carefully added to saturated 
potassium carbonate solution (250ml). Potassium hydroxide (2M) was 
added to pH 7.5 and the yellow-orange mixture extracted with EtOAc 
(3x50ml). The extract was washed with brine (30ml). dried (MgS04), and 
25 concentrated in vacuo to give a red-brown gum which was subjected to 
chromatography (SiOa; Etab-hexane", 1:1) to afford the title compound 
(1.1 6g, 46%) as a pale yellow gum; 5h (CDCI3) 1.5-2.0 (8H, br m. (Cid2)4). 
3.30 (2H, d, d 8.0Hz, PhCHCHa), 3:80 (3H, s, OMe), 4.14 (1H. t. J a.OHz. 
PhCtlCHa). 4.66 (1H, br m, OCtl). 6.68 (1H, d, J. 2.0Hz, ArtLfldbfl to 
30 cyclopentyloxy), 6.69 (1H, dd, J 8.0. 2.0Hz, ArMlzajato OMe), 6.76 (1H, d. 
J 8.0Hz, ArH ortho to OMe), 6.84 (1H. d, d 6.5Hz, pyridine ids), 7.00 (1H, 
s, pyridine H3), 7.05-7.3 (5H, m. Ceils), and 8.17 (1H. d. d 6.5Hz, 
pyridine He). 

35 EXAMPLE 27 

(-t!V3-r2-f3-CvclODentvl6xv-4-methoxvphenvlV-2-Dhenvieth vt1 aniline 
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Sodium iodide (210mg, 1.4mmol) and trimethylsilyl chloride {152mg. 
1.4mmol) was added to the compound of Example 13 b (620mg, 
1.27mmol) in acetonitrile (20ml) and the mixture stirred at RT for 1h. The 
reaction mixture was poured into 10% sodium thiosulphate solution (SOrhl) 
5 and extracted with CH2CI2 (2x50ml). The extract was dried (MgS04), 
concentrated in vacuo and the residue subjected to chromatography 
(SiOa; EtaO) to afford the title compound (210mg) as a colourless gum; 5h 
(CDCI3) 1 .5-1 .9 (8H. br rri. (Ct!2)4). 3.21 (2H, d, d 7.6Hz, PhCHCti2). 3.44 
(2H. br s. Nfcla). 3.75 (3H, s, OMe).4.14 (1H, t. d 7.6Hz, PhCHCH2), 4.65 
10 (1H. br m OCj±); 6.3-6.45 (3H, m. Celia). and 6.6-7.4 (9H, m. 
C6H5+C6H4); m/z (ESI)410(M++Na, 30%). 388 (M++1 , 60), 320(58). 
213(23). and 196 (lOp). 

EXAMPLE 28 

15 fe> -Sodium 3-r2-f3>CvclODentvtoxv-4-metho xvDhenvlV2-Dhenvlethvll- 
1 ■2.4-triazolvl-5-thiQlate 

A mixture of thiosemicarbazide (0-43g. 4.7mmol) and Intermediate 19 
(1.70g, 4.7mmol) in toluene (30ml) was heated to reflux for 4h. The 
reaction mixture was cooled, diluted with EtaO (30ml) and the precipitate 

20 collected by filtration. The precipitate was washed with EtaO then water to 
give a white solid, a portion of which (0.41 g) was suspended in aqueous 
Na2C03(2M; 30ml) and heated to reflux for 4h. The cooled reaction 
mixture was diluted with water (20ml), acidified with 10% hydrochloric acid 
. to pH5 and extracted with CH2CI2 (2x40ml). The extract was dried 

25 (MgS04), concentracted in vacuo, and the residue recrystallised (CH3OH) 
to afford the title compound (0.31g) as a white solid (Found: C. 62.97; H, 
. 5.98; N, 10.02. C22H24N3Na02S requires C, 63.29; H, 5,79; N. 
10.07%); 5h (250MHz; DMSO-de) 1.5-2.0 (8H, br m, (CH2)4). 3.26 (2H, d, 
d 8.2Hz, PhCHCtb), 3.67 (3H, s, OMe), 4.45 (1 H, t, d 8.2Hz, PhCiiCH2). 

30 4.72 (1H. br m, OCH), 6.7-6.85 (3H, m. CeHs). 7.1-7.35 (5H. m, Ceids), 
and 13.09 (1H, br s, NH); m/z (ESI) 419 (M-»-+ 1+Na. 35%), 418 (M++ Na, 
67), 397 (M++ 1. 95), 396 (M+, 10p),328 (15), 204 (25). and 60 (81). . 

EXAMPLE 29 

35 M-2-r2-f3"Cvclopentvloxv-4>methoxvDhenvlV2-Dhenvlethvl] 
l?en?simid9ZOle 
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Intermediate 19 (2.47g, 6.9mmol) in THF (10ml) was added dropwise to a 
solution of 1,2-diaminobenzene (3.72g, 34.4mmol) in THF (4qml) at O^C 
and the mixture stirred for 2h. The reaction mixture was concentrated in 
vacuo and the residue washed with Et20 (5x50ml)- The extract was 

5 washed with 10% hydrochloric acid (50ml). sodium hydrogen carbonate 
solution (50ml), brine (50ml), then concentrated in vacuo . The residue 
was subjected to chromatography (SiOa; EtOAc-hexane, 1:1) to give a 
pale brown glassy solid (1.02g), a portion of which (0.44g) was heated 
neat at ISO^C for 60h then subjected to chromatography (Si02;Et20- 

1 0 hexane 1 :1 ) to afford the title compound (273mg) as an off-white solid m.p. 
97.5-980C; 5h (CDCI3) 1.4-1.9 (8H. br m. (Cid2)4). 3-6-3.7 (2H, m. 
PhCHCHa), 3.78 (3H, s. OMe).4.55 (1H. br m, OCH), 4.57 (1H. t. J SHz. 
PhChlCH2). 6.7-6.8 (3H, m. Cehb). and 7.15-7.5 (9H, m. Cells + 
benzimidazole H4. Ids. Jde. hi); m/z (ESI) 413 (M++ 1. 1007o). 186 (48). 

15 (Optical rotation at 0.151g/l 00ml of EtOH[a]^-1). 

EXAMPLg fit) 

a) {±) -4*f 1 >f 3-Cvclopentyioxv-4-methoxvphen vlV2-(4>pvridvl) 
ethvnanMine.Dihvdrochtroide. Hemihvdrate 

20 A mixture of Intermediate 26 (3.80g), ammonium fonnate (1.63g), and 
10% Pd/C (about lOOmg) in EtOH (50ml) was heated to reflux for 2h then 
stirred at RT for 2 days. The reaction mixture was then filtered through 
Celite® and the filtrate concentrated in vacuo . The residue was partitioned 
between aqueous NaOH (1M; 50ml) and CH2CI2 (50ml). The organic 

25 layer was separated, dried (Na2S04), and concentrated in vacuo . The 
residue was dissolved in Et20 (50ml) and treated with ethanolic HCI 
(2.5 M) then concentrated in vacuo . The residue was recrystallised (EtOH- 
Et20) to afford the title compound (3.4(3) as an off-white solid (Found: C, 
63.97; H, 6.52; N. 5.77. C25H28N2O2. 2HCI.5H2O requires C, 63.83; H. 

30 6.64; N. 5.96%); 5h (d4-MeOH) 1.5-1.9 (8H, br m, (Chl2)4). 3.7-3.85 (2H, 
- m, CHCJbi2 pyridine). 3.74 (3H. s, OMe). 4.56 (1H, t. JL 8.8Hz. CHCH2 
pyridine). 4.75 (1H. br m OCH). 6.8-6.85 (3H, m. Cdia), 7.35 (2H, ca, d. 
J 8.5Hz, ArH of C6H4). 7.55 (2H. d. 1 8.5Hz, ArH of C6H4), 7,91 (2H. d. i 
6.6Hz, pyridine H3. Ms) and 8.65 (2H. d, i 6.6Hz. pyridine H2. ±±5) (N.B. 

35 Nid2 and 2HCI not observed); m/z (ESI) 389 (M++ 1, 11%)! 297 (26), 296 
(100). and 228 (11). 
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The following compound was prepared in a manner similar to the 
compound of Example 28a. 

5 b) feV2-f4-M-f3-CvclODentvloxv-4-methoxvDhenvtV2-M-Dvridvl) 
ethvl)phenvl1-4.4-dimethvl-1 .3-oxazoline. Dihvdrochloride 
Pi hydrate 

From Intermediate 28b (0.27g, 0.56mmol). ammonium formate (0.70g. 
11.2mmol) and 10% Pd/C (SOmg). Chromatography (SiOa; EtOAc) gave 
10 the title compound free base M80mQ) as a clear otim. 

Dissolution of the title compound free base in EtaO and treatment with 
ethereal HCI (1M) furnished the title compound as a white solid. (Found: 
C, 61.98: H. 6.53: N. 4.61. C30H34N2O3. 2HCI 2H2O requires C, 62.17; 

15 H. 6.96; N, 4.83%) 5h (d4-MeOH) 1.59 (6H. s CMe2), 1.6-1.9 (8H, br m, 
(Cii2)4). 3.75 (3H, s. OMe). 3.7-3.9 (2H, m, CM^-pyridine), 4.64 (1H, t, 
CHCH2-pyrldyl). 4.73 (1H, m. OChi). 4.77 (2H, s, CH oxazolinyl). 6.8-6.9 
(3H. m. Cebb). 7.68 (2H. d. J 8.4Hz. ArH mfila to oxazoline). 7.90 (2H. d, J 
6.6Hz. pyridine Ida. Ms), 8.01 (2H. d, J 8.4Hz, ArH ortho to oxazoline). and 

20 8.65 (2H, d, i 6.5Hz. pyridine ids. tie); m/Z (ESI) 471 (M++ 1. 100%), 378 
(67). and 245 (20). 

EXAMPLE 31 

(+VEthvlN-f4-ri-f3-CvcloD6ntvtoxv-4-methoxvDhenvlV2-(4-Dvridvn 
25 ethyn phen vl>carbamate 

Ethyl chioroformate (81 mg. 0.74mmol. ^.3eq) was added dropwise to a 
mixture of the compound of Example 30 (221 mg, 0.57mmol) and 
triethylamine (75mg, 0.74mmol. 1.3eq) in CH2CI2 (20ml). The reaction 
mixture was stirred overnight at RT. then concentrated in vacuo and the 

30 residue subjected to chromatography (Si02; hexane/EtOAc, 1:1) to afford 
the title compound (170mg) as a white solid; 5h (CDCI3) 1.29 (3H, t. J. 
7.1Hz, OCH2Me). 1 .5-2.0 (8H. br m. (CH2)4). 3.27 (2H. d. J 7.9Hz. CHCH2 
pyridine), 3.79 (3H, s. OMe). 4.10 (1H. t, i 7.9Hz. ChlCHa pyridine), 4.20 
(2H, q. J 7-1 Hz, OCHaMe), 4.64 (1H, br m OCH), 6.51 (1H, br s. NH), 6.6- 

35 6.8 (3H, m, Cehs), 6.92 (2H, d. J 5.9Hz. pyridine H3. Ms). 7.1 1 (2H, d. i 
8.4Hz, ArH of C6H4). 7.27 (2H. d, J 8.4Hz. ArH of CbHa). and 8.38 (2H. d, 
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1 5.9Hz. pyridine th. tie): m!z (ESI) 461 1 , 90%), 369 (25), and 368 
(100). 

EXAMPLE 32 

5 (±VN-T4-ri-/3-CvctoDentvtoxv-4-methQxvDhenvtV2-f4-Dvridvltethvlf 
phenvtlN'-ethvlurea 

A mixture of the compound of Example 30 (246mg, 0.63mmol) and etiiyl 
isocyanate (68mg, 0.95mm6l, l.5eq) in CH2CI2 (20ml) was stirred at RT 
for 2 days. A further portion of ethyl isocyanate (68mg, 0.95mmol. 1.5eq) 

10 was added and the mixture allowed to stir for 20h. The reaction mixture 
was concentrated in vacuo and the residue subjected to chromatogrpahy 
(SiOg; EtOAc) to afford the title compound (221 mg) as a white solid; 5h 
(CDCI3) 1.14 (3H, t, J 7.2Hz, OCH2Me). 1.5-2.0 (8H. br m, (Cid2)4). 3.2- 
3.35 (4H, m, CHCH2 pyridine + OCiJ2Me). 3.79 (3H. s, OMe). 4.11 (1H. t. 

15 J 7.BHZ, ChlCH2 pyridine), 4.59 (1H, br m. NHCONH), 4.66 (1H. br m 
OCH), 6.16 (1H, br s, NHCONH), 6.65-6.7 (2H. m. ArH meta to OMe). 
6.75 (1 H, d,a 8.2H2, ArH ortho to OMe) 6.93 (2H, br m, pyridine Ha. Jds). 
7.12 (2H, d. J a.6Hz, ArH of C6H4). 7.18 (2H. d. 1 8.6Hz. Aril of C6H4). 
and 8.39 (2H, br s, pyridine Ida. hte); m/z (ESI) 460 (!yd++ 1 , 100%), and 

20 117(16). 

EXAMPLE 33 

f±VN-r4-^1-/3-CvclQpentvloxv-4.m ethoxvphenvt>V.2-M-pvridvnethvn 

25 Acetyl chloride (62mg. 0.79mmol, 1.3eq) was added dropwise to the 
compound of Example 30 (235mg, 0,60mmol) in CH2CI2 (20ml) at O^C 
and the mixture allowed to stir at RT overnight. The reaction mixture was 
concentrated in vacuo and the residue subjected to chromatography 
(SiOa; CH2Cl2/MeOH. 9:1) to afford the title compound (I40mg) as a white 

30 solid; 5h (d4-MeOH) 1 .5-2.0 (8H. br m. (CH2)4). 2.09 (3H. s, COMe), 3.37 
(2H, d, i8.2H2, CHCii2 pyridine). 3.75 (3H. s. OMe), 4.23 (1H. t. i 8.2Hz. 
CJdCH2 pyridine). 4.69 (1H, brm OCH). 6.73 (1H. d, i 1 .9Hz, AiH oQho to 
cyclopentyloxy). 6.77 (1H. dd, J 8.2, 1.9Hz, ArH para to OMe), 6.82 (1H, 
d, J 8.2Hz, ArH ortho to OMe), 7. 1 5 (2H, d, i 5.7Hz, pyridine Jd3. Ms). 7.21 
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(2H, d, J 8.6Hz, ArH of C6H4). 7.42 (2H, d, J 8.6H2, ArlH of C6H4), and 
8.27 (2H, br s, pyridine H2, He) fN.B. NH not observed); m/z (ESI) 431 
(M++ 1 . 100%). and 338 (22). 

5 EXAMPLE 34 

r±>-4-r2-f3>CvclODentvloxv-4-methoxvDhenvlV>2-(2-furvlV-2-hvdroxv> 
ethyl]pyridine 

n-Butyllithium (1.6M solution in hexane; 16.9ml, 27nimol) was added to a 
stirred solution of furan (1.84g. 1.96ml, 27mmol) in THF (25ml) at -70^0. 

10 After 1h at -70oC, a solution of Intenmediate 1 (4.0g, IBmmol) in THF 
(10ml) was added over 10 min. The reaction mixture was stirred at -70^C 
for 0.75h, warrried to RT over 0.75h, then quenched with water (100ml) 
and extracted with Et20 (3x60ml). The extract was washed with brine 
(100ml), dried (MgS04), and concentrated in vacuo . The residual orange- 

15 yellow oil was subjected to chromatography (Si02; CH2Cl2/hexane, 3:1, 
then Et20/hexane, 1:1) to give (3-cyclopentyloxy-4-methoxyphenyl)(2- 
furyl)methanol (3.2g, 61%) as a colourless unstable oil; Vmax- (neat) 
3500cm-i. 

The alcohol (3.2g) was stirred with manganese (IV) oxide (10g) in CH2CI2 
20 (100ml) at RT for 3h. The mixture was filtered through Celite® and the 
filtrate concentrated in vacuo . The residual dark pil was subjected to 
chromatography (Si02) to give (3-cyclopentyloxyr4-methoxyphenyl)-(2- 
furyl)ketone (1.9g); vmax (neat) 1620cm-'*. 

n-Butyllithium (1 .6M solution in hexanes; 4.2mK 6.64mmoi) was added to a 
25 solution of a 4-methylpyridine (0-62g, 0.65ml, 6.64mmol) in THF (25ml) at 
-70OC. After 0.5h, a solution of the crude ketone (1;9g. 6.6mmol) in 
THF (5ml) was added, stirred for 1h at -70oc, then at RT for 0.25h. The 
reaction mixture was quenched with water (50ml) and extracted with 
EtOAc (3x50ml). The extract was dried (MgS04), concentrated in vacuo . 
30 and the residual red oil subjected to chromatography (Si02; EtOAc/ 
hexane, 3:2) to afford the title compound (1.23g, 49%) as a pale yellow oil; 
6h (CDCI3) 1.5-1.9 (BH, br m, (Ctl2)4). 2.84 (1H, br s, OH), 3.30 (1H, d, J 
13.2Hz, CiJAHB pyridine), 3,59 (1H. d, J_, 13.2Hz. CHAfclB pyridine), 3.82 
(3H, s, OMe), 4.65 (1H, br m OCH). 6.24 (1H, dd. A 3.3, 0.7Hz, furan H3), 
35 6.35 (1H, dd, J 3.3, 1.8Hz, furan H4). 6.75-6.85 (3H, m, Cdda). 6.85 (2H, 
dd. a 4.5, 1.6Hz, pyridine H3. Usl 7.43 (1H, dd. J 1.8. 0.7Hz, furan ids). 
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and 8.33 (2H, dd. J 4.5. I.6H2, pyridine H2. i±e)\ m/Z (ESI) 402 (M++ 23. 
20%), 380 (M-^ + 1 . 35), 287 (100). 95 (28). and 94 (97). 

EXAMPLE 35 

5 (+V2-r2-f3-CvclODentvloxv-4-metho xvDhenvn-2-Dhenvtethvnbenzfd1 
oxazole 

Bromobenzene (3.47g, 22.8mmol, 3.1equiv) was added to a stirred 
suspension of magnesium turnings (555mg,22Jmmol, S.Oequiv) in THF 
(10ml) and the mixture stirred for 0,5h. A further portion of THF (30ml) was 

10 added and stirring continued for 1h. Copper (I) bromide-dimethyl sulphide 
; complex (2.27g, 11.04mmol), I.Sequiv) was added to the Grignard 
solution at -700C then allowed to quickly warm to -20<^C. After 0.5h, the 
yellow-green slurry was cooled to -700C and treated with a solution of 
Intermediate 37 (3.0g, 7.37mmol) in THF (10ml) over 10 min. After 2h at 

15 -70OC, the reaction mixture was warmed to -20^0 over p.5h then 
quenched with aqueous NH4CI solution (200ml) and extracted with EtOAc 
(150ml, 2x50ml). The extract was washed with NH4CI solution (40ml), and 
brine (50ml), then dried (MgSOA), and concentrated in vacuo . The residue 
was triturated with Et20/hexane (1:2; 50ml) to afford (4S)-3-[3-(3-cycIo- 

20 pentyloxy-4-methoxyphenyl)-3-phenylpropanoyl]-4-phenyl-2-oxazolone 

(2.97g) as a white solid; 5h (CDCI3) 1.5-1.95 (8H, br m, (CH[2)4). 3,6-3.85 
(2H, m, CH2CO), 3.79 (3H, s. OMe). 4.18 (1H. dd. J 8.7. 4Hz, CHH^O), 
4.5.4.6 (1H. m, CHCH2CO). 4;58 (1H, apparent t, J 8.7Hz, CHH'O), 4.70 
(1H, br m, ArOCil). 5.32 (IH. dd, ^ 8.7.4Hz, CHN), 6.75-6.8 (3H, m. 

25 C6H3), and 7.0-7.35 (1 OH, m. 2xC6tl5). 

Hydrogen peroxide (27.5% w/w; 19.1g. 17.2mt, 155mmol) was added in 
small portions over 0.25h to a solution of the acyloxazolidinone (IS.OIg, 
30.9mmol) in THF-H2O (4:1 , 240ml) at around 50C. After a further 5 min, 

30 aqueous UOH solution (1.0M; 43.5ml, 43.5mmol) was added dropwise at 
O-50C and the reaction mixture maintained at <5^C ovemight. 
Sodium sulphite solution (I.OM; 171ml) was added in small portions at 
<20^C and the THF removed in vacuo . The residue was filtered to : 
remove any solid and the filtrate washed with EtOAc (2xT00ml). The " 

35 aqueous layer was acidified to pH2 and extracted with EtOAc (3x1 00ml). 
The extract was washed with brine (40ml), then dried (MgS04), and 
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concentrated in vacuo to afford 3-(3-cyclopentyloxy-4-methoxypheny|)-3- 
phenylpropanoic acid (10.2g) as a colourless viscous oil. 

The crude carboxylic acid (3.1 9g, 9.38mmol) in CH2CI2 (10ml) was treated 
5 with thionyl chloride (2.7ml, 37.5mmol) and the mxtture heated to reflux for 
3h. The reaction mixture was concentrated in vacuo and the residue . 
azeotroped with toluene (2x25ml) to afford 3-(3-cyclopentyloxy-4-methoxy- 
phenyl)-3-phenylpropanoyl chloride {2.96g) as a brown oil. 

10 A solution of the acid chloride (1.48g, 4.13mmoi) in CH2CI2 (5ml) was 
added to a suspension of 2-aminophenol (0.90g, 8.26mmol) in CH2CI2 
(15mi) and the. mixture stirred for 2h, The reaction mixture was diluted 
with CH2CI2 (100ml), washed with 10% HCI (2x25ml),. then dried 
(Na2S04). and concentrated in vacuo . The residue was subjected to 

15 chromatography (Si02; EtOAc/hexane. 2:3) to afford an off-white foam 
(0.96g). The intermediate amide (400mg) was heated at 150°C for 60h 
and the residue subjected to chromatography (Si02: EtOAc/hexane. 1:4) 
to afford the title compound (234mg) as a white solid m.p. 91.5-92,5°C 
(Found: C, 78.63; H, 6.68; N, 3.23. C27H27NO3 requires C. 78.42; 

20 H,6.5a; N, 3.39%); Sr (CDCI3) 1.5-1.9 (8H, br m. (CH2)4), 3.64 (2H, d. i 
8.1Hz, PhCHCtb), 3.77 (3H, s, OMe). 4.61 (1H, br m. OCJd), 4.74 (1H. t, J 
8.1Hz, PhCHCH2). 6.7-6.8 (3H, m, Cetb), 7.1-7.3 (7H, m, ArH), 7.4-7.45 
(1H, m, ArH). and 7.6-7.65 (1H. m. Arid); Vmax (KBr) 2960, 1620, 1600, 
1530. 1240, and 1 140 cm-i; m/2 (ESI) 436 m*- + 23. 100%). and 414 (M^ 

25 + 1 . 80); [al^ = +64o (0. 1 67g/1 00ml EtOH). 

EXAMPLE 36 

5-f 2-f 3-Cvctopentvloxy"4-methoxyphenyl>-2-phenvlethYn-1 -meth vU 
imidazole 

30 Methylamine was bubbled into a stirred mixture of Intermediate 39 (I.Og), 
3A molecular sieves (ca. 5g), and 4-toluenesulphonic acid monohydrate 
(ca . 50mg). After stirring at RT for 1.5h, a few drops of EtsN was added 
and the reaction mixture filtered using Et20 washing. The filtrate was 
concentrated in vacuo to give the intermediate imine as a near colourless 

35 oil (0-88g), 
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A mixture of the crude imine (0.88g), l-butylamine ().51ml), and (4- 
toluenesulphonyl)methyl isocyanide (TosMIC) (0.63g) in dimethoxyethane 
(30ml) was stirred at RT for 42h. the reaction mixture was then filtered 
and the filtrate partitioned between 20% HCI (50ml) and Et20 (50ml). The 
5 aqueous layer was separated and combined with further 20% HCI extracts 
(2x25ml). The acid extract was washed with EtaO (25ml), basified with 
solid KOH, then extracted with EtaO (3x40ml). The organic extract was 
washed with brine (20ml). dried (MgS04), and concentrated in vacuo . The 
residual dark oil (0.6g) was subjected to chromatography (Si02; EtOAc to 

10 2% MeOH-EtOAc) to afford the title compound (206mg) as a clear pale 
yellow oil; 5h (CDCI3) 1.5-2.0 (8H, br m, (C1J2)4). 3.2-3,3 (5H. m, NMe + 
CHCH2 pyridine). 3.80 (3H, s. OM.e), 4.14 (1H. t. J. 7.7H2, CHCH2 
pyridine), 4.65 (1H, br m. OCH), 6.6-6.8 (4H, m. CeJda + imidazole tl4), 
and 7.15-7.35 (6H. m. Cetis + imidazole thY, mJz (ESI) 377 (M^ + 1, 

15 100%). 



FORMULATION EXAMPLES 

The compounds of the invention may be formulated for pharmaceutical 
20 use in a number of forms using any suitable excipients. Thus, for 

example, for oral use the compounds of the invention such as the 

compounds of the Examples may be formulated as a solid dosage form. 

by mixing an appropriate weight of compound (for example 50mg) with 

maize starch (50-99%w/w), anhydrous colloidal silica (0-10%w/w) and 
25 organic or inorganic acid (up to 1%w/w). to fill capsules of an appropriate 

size. e.g. white opaque hard gelatine capsules size 3. If desired the same 

mixture may be compressed into tablets. 

The activity and selectivity of compounds according to the invention was 
30 demonstrated in the following tests. In these tests the abbreviation FMLP 
represents the peptide N-formyl-met-leu-phe. 



35 



Isolated Enzvme 

The potency and selectivity of the compounds of the invention was 
determined using distinct PDE isoenzymes as follows: ^ 
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i. PDE I. rabbit heart 

ii. PDE II, rabbit heart 

ill. PDE III, rabbit heart. Jurkat cells 

iv. PDE IV, HL60 cells, rabbit brain, rabbit kidney and human 

recombinant PDE IV 
V. PDE V, rabbit lung, guinea pig lung 

A gene encoding human PDE IV has been cloned from human monocytes 
(Liyi. sLal', 1^90, Molecular and Cellular Biology, JQ, 267B). Using similar 
procedures we have cloned human PDE IV genes from a number of 
sources including eosinophils., neutrophils, lymphocytes, monocytes, brain 
and neuronal tissues. These genes have been transfected into yeast 
using an inducible vector and various recombinant proteins have been 
expressed which have the biochemical characteristics of PDE IV (Seavo 
and Reifsnyder, 1990, TIPS, IJL 150). These recombinant enzymes, 
particularly the human eosinophil recombinant PDE IV, have been used as 
the basis of a screen for potent, selective PDE IV inhibitors. 

The enzymes were purified to isoenzyme homogeneity using standard 
chromatographic techniques. 

Phosphodiesterase activity was assayed as follows. The reaction was 
conducted in ISOfil of standard mixture containing (final concentrations): 
50mM 2-[[tris(hydroxymethyl)methyl]amino]-1-ethane-sulphonic acid (TES) 
-NaOH buffer (pH 7.5), lOmM MgClg. 0.1 jiM pH]-cAMP and vehicle or 
various concentrations of the test compounds. The reaction was initiated 
by addition of enzyme and conducted at 300C for between 5 to 30 mins. 
The reaction was terminated by addition of SO^il 2% trifiuoroacetic acid 
containing [t»C]-5'AMP for determining recovery of the product. An aliquot 
of the sample was then applied to a column of neutral alumina and the 
pH]-cAMP eluted with 10ml 0.1 TES-NaOH buffer (pH8). The {3H]-5'-AMP 
product was eluted with 2ml 2M NaOH into a scintillation vial containing 
10ml of scintillation cocktail. Recovery of pHl-5'AMP was determined 
using the [i'»C]-5'AMP and all assays were conducted in the linear range of 
the reaction. 
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Compounds according to the invention such as compounds of the 
Examples herein cause a concentration-dependent inhibition of 
recombinant PDE IV at 0.1 - lOOOnM with little or no activity against PDE I, 
II, III or V at concentrations up to 100|alVI. 

5 

2. The Elevation of cAMP in Leukocytes 

The effect of compounds of the invention on intracellular cAMP was 
investigated using human neutrophils or guinea pig eosinophils. 
Human neutrophils were separated from peripheral blood, incubated 
10 with dihydrocytochaiasin B and the test compound for 10 mih and 

then stimulated with FMLP. Guinea pig eosinophils were harvested 
by peritoneal lavage of animals previously treated with intra- 
peritoneal injections of human serum. Eosinophils were separated 
from the peritoneal exudate and incubated with isoprenaline and test 
15 compound. With both cell types, suspensions were centrifuged at the 

. end of the incubation, the cell pellets were resuspended in buffer and 
boiled for 10 mrn prior to measurement of cAMP by specific 
radioimmunoassay (DuPont). 

The most potent compounds according to the Examples induced a 
concentration -dependent elevation of cAMP in neutrophils and/or 
eosinophils at concentrations of 0. 1 nM to 1 \iM. 

Suppression of Leukocyte Function 

Compounds of the Invention were investigated for their effects on 
superoxide generation, chemotaxis and adhesion of neutrophils and 
eosinophils. Isolated leukocytes were incubated with dihydrocyto- 
chaiasin B for superoxide generation only and test compound prior to 
stimulation with FMLP. The most potent compounds of the Examples 
caused a concentration-dependent inhibition of superoxide 
generation, chemotaxis and adhesion at concentrations of 0.1 nM to 
l^iM. 

Lipopolysaccharide (LPS)-induced synthesis of tumour necrosis 
factor (TNF) by human peripheral blood monocytes (PBM) is inhibited 
by compounds of the Examples at concentrations of 0.01 nM to 10|j.M. 



20 
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Retaxation of Const ricted Airway Smooth Muscle in vitro 
The effects of compounds of the invention on guinea-pig isolated 
tracheal smooth muscle were investigated. Isolated tracheal rings 
were suspended in organ baths and immersed in oxygenated Krebs' 
solution. The smooth muscle was contracted with sub-maximat 
concentrations of histamine or carbachol prior to the addition of 
increasing concentrations of test compound to the organ baths. The 
most potent compounds of the Examples caused a concentration- 
dependent reversal of both histamine and carbachol-induced 
contractions at concentrations of InM to lOOfiM. The compounds 
were generally more potent in reversing histamine-induced tone than 
carbachol-induced tone. 

Effects on Cardiac Muscle in vitro 

Compounds of the invention have been tested for their effects on 
isolated cardiac muscle. Right atrial and papillary muscles were 
dissected out from the hearts of guinea pigs and suspended in organ 
baths for measuring the rate (chronotropic) of spontaneously beating 
atria and force (inotropic) of the electrically stimulated papillary 
muscle. In these preparations, selective PDE IV inhibitors such as 
rolipram do not have any direct effects whereas selective PDE III 
inhibitors such as milrinone have positive chronotropic and inotropic 
effects. The non-specific PDE inhibitor theophylline, which is used in 
asthma as a bronchodilator, also causes significant cardiovascular 
changes such as tachycardia. Selective PDE IV inhibitors have 
advantage over theophylline, therefore, through reduced 
cardiovascular side effects. The most potent and selective 
compounds of the Examples had no direct effects on the atrial and 
papillary muscles in vitro at concentrations up to lO^iM but in 
combination with PDE III inhibitors, these inhibitors showed an 
enhancement of chronotropic and inotropic activity, typical of 
selective type IV inhibitors. 



Anti-infla mmatory Activity in vivo 
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lnterleukin-5 (lL-5)-inclucecl pleural eosinophilia in the rat {Lisle, et al . 
1993, BrJ. Pharmacol. 108. 230p) is inhibited by compounds of the 
Examples, given orally at doses of 0.0001 to lO.Omg/kg. The most 
potent compounds cause a dose-dependent reduction in migrating 
5 eosinophils with EDsos of 0.003 to 0.03mg/kg p.o. 

Compounds of the invention also reduce the inflammatory responses 
induced in rats by platelet activating factor (PAF). 



10 7. Anti-allergic Actiytty m vivo 

Compounds of the invention have been tested for effects on an IgE- 
mediated allergic pulmonary inflammation induced by inhalation of 
antigen by sensitised guinea pigs. Guinea pigs were initially 
sensitised to ovalbumin under mild cyclophosphamide-induced 

15 immunosuppression, by intraperitoneal injection of antigen in 

combinations with aluminium hydroxide and pertussis vaccine. 
Booster doses of antigen were given two and four weeks later and at 
six weeks, animals were challenged with aerosolised ovalbumin 
whilst under cover of an intraperitoneally administered anti-histamine 

20 agent (mepyramine). After a further 48h, bronchial alveolar lavages 

(BAL) were performed and the numbers of eosinophils and other 
leukocytes in the BAL fluids were counted. The lungs were also 
removed for histological examination for inflammatory damage. 
Administration of compounds of the Examaples (0.001 -lOmg/kg i.p. 

25 or P.O.), up to three times during the 48h following antigen challenge. 

lead to a significant reduction in the eosinophilia and the 
accumulation of other inflammatory leukocytes. There was also less 
inflammatory damage in the lungs of animals treated with compounds 
of the Examples. 



30 



8. Effects on Pulmonary Dvnamics 

Compounds of the invention (0.001 -l Omg/kg by oral or other route of 
aministration) reduce the allergic bronchoconstruction caused by 
antigen in sensitized guinea pigs. 
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Compounds of the invention have been tested for their effects on 
ozone-induced hyperreactivity of the airways of guinea pigs. 
Following the inhalation of ozone, guinea pigs become very much 
more sensitive to the bronchoconstrictor effects of inhaled histamine 
than naive animals {Yeadon et al. 1992, Pulmonary Pharm., 5, 39). 
There is a pronounced shift to the left (10-30 fold) of the dose 
response curve to histamine and a highly significant increase in the 
maximum increase in pulmonary resistance. Compounds of the 
Examples administered 1h prior to ozone by the intraperitoneal or 
oral (0.001 -10mg/kg) route caused a dose-dependent inhibition of 
ozone-induced hyperreactivity. 

A^lvgrgg Effgctg 

Compounds of the invention are free from adverse effects following 
repeated overdosage to rats or dogs. For example, over 
administration of 125mg/kg/day of active compounds of the Examples 
to rats for 30 days is not associated with adverse toxicity. 

The most potent compounds of the invention are 20-30 times less 
active than rolipram in inducing behavioural changes, sedation or 
emesis in rats, ferrets or dogs. 
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CLAIMS 

A compound of formula (1) 



r2x 




wherein Y represents a halogen atom or a group ORi , where R** is an 
optionally substituted alkyi group; 

X is -0-, -S- or -N(R®)-, where R^ is a hydrogen atom or an alky I 
group; 

R2 is an optionally substituted alkyi, aikenyU cycloalkyi or 
cycloalkenyi group; 

R3 is a hydrogen or halogen atom or an -OR^ group, where R^ is a 
hydrogen atom or an optionally substituted alkyi, alkenyl, alkoxylalkyi, 
or alkanoyi group, or a formyi, carboxamido or thiocarboxamido 
group; 

R^ and R^, which may be the same or different, is each a group 

-(CH2)nAr, where Ar is a monocyclic or bicyclic aryi group optionally 

containing one or more heteroatoms selected from oxygen, sulphur 

or nitrogen atoms and n is zero or an integer 1 , 2 or 3; 

R6 is a hydrogen atom or an optionally substituted alkyi group; 

R7 is a hydrogen atom or an optionally substituted alkyi group; and 

the salts, solvates, hydrates and N-oxides thereof. 

A compound according to Claim 1 wherein X is -0-. 

A compound according to Claim 1 or Claim 2, wherein Y is a group 
-OR"i where R"* is a methyl group. 

A compound according to any one of Claim 1 to Claim 3 wherein R2 
is a cyclopentyl group. 
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5. A compound according to any one of Claim 1 to Claim 4 wherein R3 
is a hydrogen atom. 

6. A compound according to any one of Claim 1 to Claim 5 wherein 
and R7 is each independently a hydrogen atom or a methyl group. 

7. A compound according to Claim 6 wherein R^ and R^ is each a 
hydrogen atom.- 

8. A compound according to Claim 1 wherein Y is a -OCH3 group, X is 

R2 is a cyclopentyl group. R3, r6 and R7 is each a hydrogen 
atom and R^ and R^ is each independently a group -Ar. 

15 9. A compound according to Claim 8 wherein R^ is a group Ar where Ar 
is an unsubstituted or substituted monocyclic aryl or monocyclic 
heteroaryl group and RS is a group Ar where Ar is an unsubstituted or 
substituted monocyclic nitrogen-containing heteroaryl group. 

20 1 0. A compound according to Claim 9 wherein the monocyclic aryl group 
is an unsubstituted or substituted phenyl group, the monocyclic 
heteroaryl group is an unsubstituted or substituted furyl. thienyl or 
pyridyl group and the monocyclic nitrogen-containing heteroaryl 
group is an unsubstituted or substituted pyridyl. pyridazinyl. 

25 pyrimidinyl or pyrazinyl group. 

11. A compound according to Claim 10 wherein the nitrogen-containing 
heteroaryl group is a substituted or unsubstituted pyridyl group. 

30 12. A compound according to Claim 1 selected from: 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-furyl) 
ethyl]pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-thienyl)ethyl] 
pyridine; 

35 (±H-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl]-3- 
methyiimidazole; 
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(±)-4-{2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl] 
pyridine; 

(±)-4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyl] 
pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-fluorophenyl- 
ethyl] pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-trifluoromethyl- 

phenyl)ethyl]pyridine; 
(±)-4-t2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-nnethoxyphenyl- 

ethyl)]pyridiniB; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-methoxyphenyl)- 
ethyl]pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-methylphenyl) 
ethyl]pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(3-methylphenyl)- 
ethyl]pyridine; 

(±}-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(3-cyclopentyloxy-4- 

methoxyphenyl)ethyl]pyridine; 
(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyll-3,5- 
dichloropyridine; 

(±)-2-[2-{3-Cyciopentyloxy-4-metiioxyphenyl)-2-phenylethyl] 
pyridine; 

(±)-4-[1 -(3-Cyclopentyloxy-4-methoxyphenyI)-2-{4-pyridyi) ethyl] 
aniline; 

(±) •4-[1 -(3-Cyclopenxyloxy-4-methoxyphenyl)-2-{4-pyridyl)ethyl] 
benzoic acid; 

(±) Ethyl N-{4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) 
ethyl]phenyl}carbamate; 

(±) N-{4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2(4-pyridyl)ethyi] 

phenyljN-ethylurea; 
(±) -N-{4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)h2-(4pyridyl) 

ethyi}phenylacetamide; 
(±) -3-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl] 
pyridine; 

(±) -4-[2-(3-Cyelopentyloxy-4-methoxyphenyl)^2-phenylethyl] 
pyrimidine; 



wo 94/14742 



PCT/GB93/02625 



101 



10 



15 



20 



25 



(±) -4-[2-{3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-hydroxymethyl- 
phenyl)ethyl]pyridine; 

(±) -4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyl] 
benzamide; 

(±) Ethyl-4-{1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-phenyl- 
ethyl]ben2oate; 

(±) N-{4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyl] 
phenyl}methanesulphonamide; or 

the resolved enantiomers thereof; and the salts, solvates, hydrate 
and N-oxides thereof. 

13. A compound according to Claim 1 which is (+)-4-[2-(3-Cyclo- 
pentyloxy-4-methoxyphenyl)-2-phenylethyl] pyridine; and the salts, 
solvates, hydrates and N-oxides thereof. 

14. A compound according to Claim 1 which is (-)-4-[2-(3-Cyclo- 
pentyloxy-4-methoxyphenyl)-2-phenyIethyl]pyridine; and the salts, 
solvates, hydrates and N-osddes thereof. 

15 A compound according to Claim 1 which is (+)-4-[1-(3-Cyclo- 
pentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyl]pyridine; 

16, A compound according to Claim 1 which is (-)-4-[1-(3-Cyclopentyloxy- 
4-methoxyphenyl)-2-(4-pyrldyl)ethyl]-pyridine; 

17. A pharmaceutical composition comprising a compound of formula (1): 



wherein Y represents a halogen atom or a group ORi, where R'^ is an 
optionally substituted alkyi group; 

X is -0-, -S- or -N(RS)-, where R® is a hydrogen atom or an alkyI 
group; 



r2x 




(1) 
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R2 is an optionally substituted alkyi, alkenyl, cycloalkyi or 
cycioalkenyl group; 

is a hydrogen or halogen atom or an -OR^ group, where R^ is a 
hydrogen atom or an optionally substituted alkyI, alkenyl, alkoxylalkyi, 
or alkanoyi group, or a formyl, carboxamido or thiocarboxamido 
group; 

R"^ and R^, which maybe the same or different, is each a group 

-(CH2)nAr, where Ar is a monocyclic or bicyclic aryl group optionally 

containing one or more heteroatoms selected from oxygen, sulphur 

or nitrogen atoms and n is zero or an integer 1 , 2 or 3; 

R^ is a hydrogen atom or an optionally substituted alkyi group; 

R^ is a hydrogen atom or an optionally substituted alkyI group; and 

the salts, solvates, hydrates and N-oxides thereof 

together with one or more pharmaceuticaliy acceptable carriers, 

excipients or diluents. 

18. A process for the preparation of a compound of formula (1 ): 



wherein Y represents a halogen atom or a group ORi, where R^is an 
optionally substituted alkyI group; 

X Is -0-, -S- or -N(R8)-, where R® is a hydrogen atom or an alky! 
group; 

R2 is an optionally substituted aikyi, alkenyl, cycloalkyi or 
cycioalkenyl group; 

R3 is a hydrogen or halogen atom or an -OR^ group, where R^ is a 
hydrogen atom or an optionally substituted alkyI, alkenyl, alkoxylalkyi, 
or alkanoyi group, or a formyl, carboxamido or thiocarboxamido 
group; 

R4 and R^, which maybe the same or different, is each a group 
-(CH2)nAr, where Ar is a monocyclic or bicyclic aryl group optionally 
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containing one or more heteroatoms selected from oxygen, sulpiiur 
or nitrogen atoms and n is zero or an integer 1 , 2 or 3; 

is a hydrogen atom or an optionally substituted alkyi group; 
R7 is a hydrogen atom or an optionally substituted aikyi group; and 
5 the salts, solvates, hydrates and N-oxides thereof 

which comprises in a final step 

a) the hydrogenation of a compound of formula (3): 



R^X 




wherein Y, X, R2, R4^ r5^ and R^ are as defined for formula (1), to 
yield a compound of formula (1) wherein R^ and R^ is each a 
hydrogen atom; or 
15 b) the reaction of a ketone of formula (6): 



r2x 




wherein Y, X. R2 and R"^ are as defined for formula (1), with an 
20 organometallic reagent RSR^CHZ where RS and R® are as defined 

for formula (1) and Z Is a metal atom, to yield a compound of formula 
(1) wherein R3 is a hydroxy! group and R^ is a hydrogen atom; or 
c) the decarboxylation of an acid of fomiula (1 3): 



r2x 
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e) 

20 



25 

g) 



wherein Y, X, R2, R4 and are as defined for formula (1) to yield a 
compound of formula (1) wherein R^, R^ and R7 is each a hydrogen 
atom; or / 
the cyclisation of a compound of formula (15): 



wherein Y, X and R^ are as defined for formula (1) and R is a 
carboxylic acid [-CO2H] group or a reactive derivative thereof, a nitrile 
[rCN] or an imine salt, with a bifunctional reagent W^RSaws and 
where necessary a compound R5bw3 [where \/\r> , and W3, which 
may be the same or different, is each a reactive functional group or a 
protected derivative thereof; and R^a and R5fc> are components of the 
heteroaryl group R^ such that when added together with and 
W3 to the group R in compounds of formula (15) the resulting group 
.RVViR5aw2 or -RW"» R5aw2R5bw3 constitutes the heteroaryl group 
R5], to yield a compound of formula (1) wherein R^, R^ and R^ is 
each a hydrogen atom and R^ is a heteroaryl group; or 
the alkylation of a compound of formula (18): 



wherein Y, X, R^, R4, r5, r6, and P7 are as defined for formula (1) 
with a reagent R^L wherein R2 is as defined for formula (1) and L is a 
leaving group; or 

the interconversion of a compound of fbrmula (1) to another 
compound of fonmula (1), or 

by reaction of a compound of formula (1) with an acid or base to yield 
a salt of a compound of formula (1 ); 
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h) by deprotection of a corresponding protected compound of formula 
(1).or 

i) by resolution of a mixture of two enantiomeric forms of a compound 
of formula (1) to yield one enantiomeric form of a compound of 

5 formula (1), 
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